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ABSTRACT 

The motion of a satellite with respect to a fixed system 

of coordinates in space has been determined. Formulas are derived 

which determine the aspect of the satellite axis, and the aspect 

of a vector perpendicular to the satellite axis. The telemetered 

data consisted of solar angle measurements in terms of voltage 

from six sun sensors along the pitch, yaw, and roll axis, and 

magnetic field measurements from three mutually perpendicular 

magnetometers. 

The 7094 computer programs to determine the aspects alon^ 

with the resulting plots of the desired angles as a function of 

flight time for different revolutions are exhibited. These plots 

showed that the satellite was not stable as expected, but a 

stabilizing trend was noticeable as flight time increased. 
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Symbol 

A 

NOMLNCLATURi; 

# 
e , e , e system of orthonormal base vectors on OV1-5 with c 

along the nose axis, e    in the direction of sun 
sensor E, and e = e-X e ♦     Or 

a., o. the angles determined by output voltage #1 and 
output voltage #2 respectively for sun sensor A 

ß., ß» the angles determined by output voltage #1 and 
output voltage #2 respectively for sun sensor B 

-Yi» Y2 ^e angles determined by output voltage #1 and 
output voltage #2 respectively for sun sensor C ; 

6., 6j the angles determined by output voltage #1 and 
output voltage #2 respectively for sun sensor D 

5., C- the angles determined by output voltage #1 and 
output voltage #2 respectively for sun sensor E 

f., fj the angles determined by output voltage #1 and 
output voltage #2 respectively for sun sensor F 

i, j, k system of orthonormal base vectors in a right 
handed fixed system with i and j in the equatorial 
plane and i parallel to the vernal equinox 

S a unit vector parallel to the sun's rays to the 
satellite, but in opposite sense 

M a unit vector parallel to the earth's magnetic 
' field 

0 declination of the sun s 

* apparent right ascension of the sun 

Ou angle between the equatorial plane and the magnetic 
field 

t. azimuth of the magnetic field in the fixed system 
II • • • 

f 
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0 , # 
li ]■ 

iingle between the nose axis of the satellite and 
the equatorial plane 

azimuth of the nose axis with respect to the 
vernal equinox 

latitude and longitude of the satellite from the 
ephemeris 

u) tha angular velocity of rotation of the earth on 
its axis with respect to the vernal equinox 

# 

N.f N, orthogonal unit vectors defining a plane where 
e. rotates 

p the angle between N. and e. 

fj. the angle between the magnetic tield vector and 
the equatorial plane of the earth 

\j. the azimuth of the magnetic field vector with 
respect to the Greenwich Meridian Plane 

i, j, k geocentric system of base unit vectors 

F total magnetic field 

RE vector from the earth's center to the satellite 
in the rotating system 

ß angle between the axis of the satellite and the 
sun vector 

Bu angle between the axis of the satellite and the 
magnetic field Vector 

U" unit vector from the center of the earth to the 
satellite 

Y- ingle between e.  and the sun vector 
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INTRODUCTION 

To properly analyze the data of certain satellite detectors one must 

know the angle between the axis of t\w.  detector and a specified vector in 

space. The goal in this report is to determine the angle between a detector 

perpendicular to the satellite axis and a vector from this detector to the 

earth's center. This was done by considering the angle between a vector 

from the center of the earth (which we will call U") to the satellite aad 

a vector (which wc will call ej perpendicular to the axis of the satellite 

and in the opposite direction from the detector. 

In order to obtain this angle it is necessary to first determine the 

motion of the satellite about the pitch, yaw, and roll axes. In the early 

portions of the flight of 0V1-5, motion about each of these axes was active 

indicating that the satellite was quite unstable. However at revolution 

957 the motion became approximately 1.5 turns on the pitch axis and roll 

axis with rotation of approximately 45 degrees on the yaw axis. At revo- 

lution 1360, complete turns ceased on each of the axes and the satellite 

seemed to be quite stable. It should bo noted that a stabilizing trend 

was apparent after revolution 957 but the degree of stabilization could 

r 



VI u 

only be determined In- analysis of the particular revolution. 

The aspect of the axis of the satellite van also necessary as input 

data for the analysis of the aspect of the vector perpendicular to the 

axis,  that is the anj>le between e    and U" as a function of flight time. 

/ 
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DESCRIPTION OF OV1-5 ASPECT SYSTEM 

The responsibility for designing a suitable spacecraft aspect detection 

system was given to American Science and Engineering, Inc. This system 

consisted of six solar aspect sensors and three magnttometers. For the • 

sun sensors, calibration consists of determining the two output voltages 

for each sensor which result from the light source of the sun. Th'e 

requirement for the sun sensors are a clfiar 45° conical field of view with 

axis alignment consistent with the magretometers. Only one sun sensor is 

recording at a given time and that sensor is determined by the appropriate 

recorded signature voltage. 
■ 

A. Position of Sun Sensors and Magnetometers 

The 0V1-5 aspect system sensor locations and orientation along with 

the calibration information is shown in the following pages.* The pitch 

magnetometer X determines the component of the magnetic field sensed along 

the pitch axis; the yaw magnetometer Z determines the component of the 

magnetic field sensed along the yaw axis and the roll magnetometer Y 

determines the component of the magnetic field sensed along the roll axis. 

Solar aspect output *1 is used to determine the angle between the sun and 

the satellite in the plane of the reference arrow marked on the appropriate 

sun sensor. Solar aspect output #2 is used to determine the angle between 

the sun and the satellite in the plane pexpendicular to the arrow marked 

on the appropriate sun sensor. 

This information was provided by American Science and Engineering, Inc., 
Cambridge, MtTssarhusetts. 



0V1-5 ASPECT SYSTEM SENSOR LOCATIONS 
AND ORIENTATION 
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SOLAR ASPI CT SYRTEI 

Signature Voltage - 

ANGLE 

45 

40 

30 

20 

10 

0 

10 

20 

30 

40 

45 

SENSOR A 
4. 09 

ASPECT OUTPUT 
#1 #2 

SENSOR B 
3.90 

ASPECT OUTPUT 
*1 #2 

si: 

ASFE 
#1   ■ 

4.27 4.23 4.24 4.24 4.24 

3.96 3.90 3.86 "J    91 3.87 

3.33 3.30 3.24 3.31 3.23 

2.92 2.87 2.82 " 2.87 2. 86 

2.57 

2.26 

2.52 

2.21 

2.47 * 

2.16 

2.50 

2. 13 

2.52 
i                                  j 

'      2.21  ' 

1.95 1.89 1.33 1.86 1.9C 

1.61 1.54 1.48 1.51 1.50 j 

1.21 1. 11 1.04 1. 09 1. 14 j 

0.63 0.48 0.35 0.50 0,12 j 

0.29 0.23 0.26 0.24 0. 2G 



SOLAR A.IPICT SYSTEM CALIDRATION 

SENSOR B 
3.90 

SENSOR C 
3. 19 

SENSOR D 
2.42 

ÜTPUT 
#2 

ASPECT OUTPUT 
#1 #2 

ASPECT OUTPUT 
#1 #2 

ASPECT OUTPUT. 

4.23 4.24 4.24 4.24 4.28 4.25 4.23 4.35 

3.90 3.86 3.97 3.87 4.04 3.93 3.37 4.26 

3.30 3.24 3.31 3.23 w •   U 0 3.28 3.27 3.51 

2.87 2.82 2.87 2.86 2.88 2.8C 2.86 2.99 

2.52 2.47 2.50 2.52 2.51 2.51 2.51 2.57 

2.21 2.16 2. 18 2.21 2. 19 2.20 2. 19 2. 19 

1.89 1.23 1.86 1.90 1.87 1.89 1.85 1.81 

1.54 1.4S 1.51 1.56 
• 

1.54 L56 1.51 1.42 

1.11 1.04 1.09 1. 14 1. 16 1.15 1.07 0.97 

0.48 0.35 0.50 0.52 0.65 0.54 0.45 0.42 

0.23 0.26 0.24 0.26 0.30 0.20 0.24 0.19 



A CALIBRATION 

iNSOR C 
j. 19 

:CT OUTPUT 
$2 

4.23 

4.04 

3.35 

2.88 

2.51 

2. 19 

1.87 

1.54 

1.1C 

0.65 

Ü. 30 

SENSOR D 
2.42 

ASPECT OUTPUT 
#1       •     #2 

4.25 4.23 

3.93 3.37 

3.28 3.27 

2.8C 2.86 

2.51 2.51 

2.20 2. 19 

1.89 1.85 

1.56 1.51 

1.15 1.07 

0.54 0.45 

o.an 0.24 

SENSOR E 
.86V 

SENSOR F 
1.57 

ASPECT OUTPUT 
#1             #2 

ASPECT OUTPUT 
#1              #2 

4.35 0.24 4.27 4.26     ' 

4.26 0.49 3.94 3.98 

3.51 1.07 3.21 3.33 

2.99 1.52 2.39 • 2.88 

2.57 1.88 2.54. 2.5 2 

2.19 2.23 2.21 2.20 

1.81 2.59 1.90 1.87 

1.42 2. 9>' 1.54 1.53 

0.97 3.43, 1. 10 1.12 

0.42 4. C5 0.45 0.51 

0.19 4.30 0.28 0.23 



MACmTOMCTER CALIBRATION INFORMATION 

Piold in 
AilUiijauss 

( nd 

r,r.o 

500 

'1?0 

100 

J50 

300 

250 

200 

ISO 

100 

50 

3 

-SO 

-100 

-150 

-200 

-250 

-300 

-350 

-400 

-150 

-500 

-550 

-f00 

7, 

4.81 

4.63 

4.45 

4.25 

4.04 

3.83 

3.C1 

3.39 

3.18 

2.98 

2.78 

2.59 

2.41 

2.22 

2.03 

1.84 

1.63 

1.42 

1.21 

.99 

.78 

.58 

.38 

.19 

+.02 

4.80 

4.C2 

4.43 

4.23 

4.01 

3.79 

3. r.7 

3. 14 • 
2.94 

2. 7C 

2.58 

2.41 

2.24 

?. 06 

1.37 

1.63 

1.47 

1.26 

1.03 

.82 

.61 

.40 

.21 

4.0? 

4.81 

4..f5 

4.47 

4.2f;, 

4,0^ 

7,ßl 

''   J7 

3.34 

3. 13 

2j3 
1 

^.71 

2.57 

2.40 

2.2? 

2.05 

1.3b 

I.C7 

1.45 

1.22 

.98 

.75 

.53 

t. 14 

-.03 



B.  Determination of Sun Angles from Calibration Curves 

Using the calibration information provided, a least squares cubic 

fit was made to each of the two output voltages for all six sun sensors, 

The method was as follows:   • 

0 = A + BV + CV2 + DV"5 

ft 

where V equals the output voltage, Q equals the sun-satellite angle, 

and A, B, C, D are the constants to be determined. 

Let n 
I = I [A + BV + CV 
n  k=l      K V 

ain _ nn 
3A " 3B 

3ln 
3C 

3In 
30 = 0 

^An ♦ BlVk + C[yk2 + Djvk3 .|©k 

AlVk ♦ B^2 ♦ ClVk3 ♦ DlVk4 = JVk0k 

AlVk
2
+ B[vk

3 + Clvk
4 ♦ DlVk5 = IVk20k 

AlVk
3
+ Blvk

4 + ClVk
5 *  DlVk

6 = IVk
30k 

Using Cramer's rule we can now find the desired constants. 

Iv,2 

l\ IV K 
l\2 K K* 
K* K l\s 

K*  l\4 l\s l\6 

n 

IVk 

k 



B = 

C = 

l\ l\ w l\3\ 

l\\ l\2 l\! l\'\ 

l\2° JV l\' K5 

K\ s.^ l\s- lvk
6| 

L 

n K. l\2 lvk
3| 

l\ l\\ K3 
lvk

4 

l\2 l\\ . K lvk
5 

l\3 l\\ J\s 
l\6\ 

• A 

n l\- l\ K3I 
K l\2 l\\ lvk

4 

IV lvk
3 l\\ K*\ 

K K4 W K\ 
• A 

n l\ iv.2 K 
l\ l\2 Ivk

3 l%\ 
l\2 K3 

rt l\\ 
Ivk

J K l\s l\\ 

The plots of the different curves for each sensor and output voltage can 

be found in the appendix. 

/' 



C. Determination of the Magnetic Field from the Calibration Curve? 

4 i 
A straight line fit was made for each magnetometer using the appropriate    , 

calibration information. The. points and equations used are shown in the 

appendix along with the linear fits to the calibration curves. It should be     M 

noted that the X magnetometer has its direction coincident with the positive 

axis in the previous discussion. The Y magneton 

e.,, and the Z magnetometer is coincident idth -e_. 

e axis in the previous discussion. The Y magnetometer is coincident with* 

i» 

i 



CHAPTER II 

DLTLRMlNATION Or Mi ANGIES BETWEEN THE SUN VECTOR AND THE AXEf. OF THE SATELLITE 

A. Theoretical Description 

For senior A with signature voltage 4.69 , we have the following 

set-up: Y 

! % 
A2 * r 

t'<        , .\  . V':«..„I.. 

♦ Y2" M 
e /V-2 ( 
r t. ! 

I Figure 2 '      ! 

u. is the angle dctcnuined by output voltage "1 and a. is the angle determined 

by output voltage *2. The sun vector is determined by the intersection of the 

cones produced by a. and a,; and we will now determine this sun vector. However, 

it should be noted that although the cones may intersect in two places, the 

ambl*uit> is resolved since we know which sensor is reading and therefore on 

which side the sun lies. 

 ■ cota. CD 
Y       , 

s 

Subtracting, we get 

/?TY2       t   = cota, (2) 

2 2 2 2 
*> X' ♦ Z^ - Y' cot^a, 

v2 A v2      ,2      ,2 X    ♦ Y    » Z cot a. 

2        2        2        2 2        2 Z    - Y    » Y    cot  a.   - 2    cot a, 

2" csc'tj, ■ f   esc"». 

Z » »y 

*2 

sin 

sina. 

7 



From     (1) 
2                2    * r     2                2    ' 

y2  jcos a.      sin a. | 2lCOii al * s^n a2 
—2 r"r Y I n  I sin a.      sin a. I I        sin a. 

2 .2 
1>x "* Y / C0S al ' Sin a2 

sina. 

Y « Y   sinol 
51 na. 

Z .*Y    si"a2 
sinu. 

Therefore any vector R from the satellite to the given light source can 
be expressed as: 

m |      ty /cos^q   ■ sin2a21 I    sin«2 
r   [ sTK^ ^J [     sina^ 

sina 
+ %yiT 

i 
na 1 

Normalizing this vector and expressing it in terms of the sun vector S 

we get: 

■ *e / S ■ *e_ r cos a. - sin a- *eÄ sin«^ ♦ e. sina •1 |  v0 '"'*2      I """l 

1.  if o.>0| a2>0 

S • e / cos a. - sin a- - e sinla^l ♦ «^ sina. 

S is in the octant e , -ee, e. 
# 

2.  if o^Oj o-<0 

S ■ e / cos a. - sin a, - eQ sino, ♦ e. sina. 

S is in the octant e , e.. e. 
r  o  * 

7 
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3.       if a.  <0,  a, >0 

S « e    /cos o.  - sin a-    - e. sisi|o2l  - t^ sin|a. | 

S is the octant e_, -ert, -e. r      o       ♦ 

4.      if Oj  ^a,^ 

• /        2 2 
S ■ e    /cos a, - sin o,    - o0 sina2 - e. sinlajf 

S is the octant e , e., -c. g r     *       ♦ 

For sun sensor B with signature voltage 3.90v and   output voltages 

P. and ß7 corresponding to a. and a-, we find 

I.      if 0^0, 02>O 

2.  if $,>0,  0,<O 

3.  if l|4t|l|^ 

4.  ife^O^-cO 

/  2      2 S »-e » cos ß, - sin ß, ♦ e_ sinß, ♦ e. sinB, r I 2 0 2 9 1 

S is in the ofctant -e . e.( e. r     u     v 

/       2 2 S "-e    / cos B, - sin ß- ♦ ert sinß- ♦ e. sinß, r 1 2       0 2       v 1 

S is in the octant -e , -c., e. r   o  » 

/    ' 2 2 S s-e / cos 6.  - sin 8- ♦ eQ sinß, ♦ e.smß. 

S is in the octant -e . e_, -e, r     0       ♦ 

* i '      2 S «-€    / cos 8. - sin 8, ♦ e_ sinß- ♦ e. sinß. 
r 1 2Q291 

A 

S is in the octant, -e . -e., -e. r      9       v 
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Continuing with this same approach, we will now find S for sensors C 

and D.    For sensor C with signature voltage 3.19v we have the following 

figure: 

Z< 0 

X    r 

Figure 3 

It should be noted that while sensor A faces along positive e  , sensor 

C faces along positive e  .    Y. and Y? are the angles produced by the output 

voltages where y. corresponds to output volt ige '1. 

v2 * v2      ,2      ^2 X    ♦ Y   ■ Z    cot Y. 

Z
2»Y2 2 2 

X^ cot-y, 

(4) 

(5) 

Subtracting and solving for X we find 

X« *Z SinYl 
siny. (6) 

Substituting   (6)     into (4)     we find 

'22 r - r 
2 cos y. 

.  2 
sm Y- 

sin y 

sin Y. 
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!>Y:-iiK7:    /C0S Y2-"nY1 '2 
si 

Z   r   Z 
sinY2 

•> S =  »e    siny, ♦ e    sin^, * e    /cos Y^ " s^n Yi 

5 TT- 
sm Y2 

1.      if Y^O,  Y2>0 

2.       if Y^O,  Y2<0 

/     2 
S ■  *e   sinYj ♦ eQ sinY2 * e. /cos Yi  - 

/—5 J 
S » e   sinY, + eQ sinY2 ♦ e    /cos Yi  - si" 

S is in the octant e , en, e. 

'2 

3.       if Y^O,  Y2>0 

/     2 72 
S » e    sinY. ♦ efl sinY2 + e* /cos Yi  - sin Y 

S is in the octant e , -fn$ e. 
r  Q  * 

4.  if Y^O, Y^O 

/ 2      2 
S = c sinY, ♦ e sinY2 + c* ^cos Yi - sin Y2 

S is in the octant -e ,' «ft, e. r  0  * 

» 

/ 2 T 
S » e sinY, ♦ e. sinYo ♦ e* /cr- r   1   0   2   ♦ t2  ♦ e^ /cos Yj - sin Y2 

S is in the octant -e , -ent  e. r       0     * 

For sensor D with output signature voltage 2.42v and output angles 

6.  and 6. respectively, the sun vector can now.be expressed as 

S ■ e    $ln5,  -e. sin6, - e.  »xos 6.  - sin 6- C8^ 
j   r        1     Q        29 1 ' £ 

This follows from the analysis for sensor C except that e    is replaced 

by -e0 and e^ by -s#. 

The reader can determine which quadrants the sun vector lies for  (8) 

depending upon the conditions placed on 5. and a,* 

sTn^T I 

 ;—7-7— j 
e^ /cos y~ - sin y. I 

(7)       1 

! 

/ 
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Now, wc will find S for sensors E and F. 

voltage .86 , we have the following figure: 

Y 

For sensor E with signature 

These cones actually intersect 

as can be seen from the figure 

for sensor C if wo let. c\ --ert 

e = e.. e = e where the bars 0       *'    r       r 
represent the unit vgctcfrs for 

sensor E (and then remove the 

bars). 

Figure 4 

Sensor C faces positive e. and £. and 5- are the angles corresponding to 

the respective output voltages. 

,2  „2 _2 7   2   2   2 
Y" + Z = X cot  Cj 

X2 + Z2 = Y2 COt2 C2 

Subtracting and solving for Y we get 

sin 4 
Y =* X 

1 

Substituting  (10) into (9) , we find 

Z2 » X2 ^^l ,2  _ Y2 Ccos
2^, - sin252) 

sin25 1 

7 _ * X  /cos2? - sin2e? 
sinCj 

(9) 

(10i 

X sin?, 

sine. 
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The normalized sun vector can now be written as 

/  2      2 
S = e siiHj * c f  cos C- - sin C2 * e  sin^. 

Due to output voltage #2 of sensor E as can be seen by the 

calibration of output voltage #2, 

S = cr sin^ + e0 /cos Cj - sin I, + e^ sine2 (11) 

0 

Once again the reader can determine which quadrants the sun vector lies 

in for (11) depending upon the conditions placed on C. and C-. 

For sensor F with output signature voltage 1.57v and output voltages 

f. and f, respectively. 

S = e sinf. - eQ /cos f. - sin f- ♦ e sinf. (12) 

This follows from the analysis for sensor E except that 

I 
eQ is replaced by -eR and e^ is not changed due to the remark  j 

preceding (11) . 

In summary, for each of the sun sensors, the unit vector S can be 

expressed as follows: 
/      5 2 

Sensor A S = e      / cos o,  - sin a-, -    e,, sina- + e. sina. r 1 2 0 2 9 1 

/      2 2 Sensor ß S »-er    / cos ßj - sin e2 +   e. sinß2 + e^ sinßj 

/        2 2 
Sensor C ^ * er       sinYi  ♦ eQ s^nYo + e* ' cos **% " s^n Y- 

/      2 2 Sensor D 5=0 sinfi.  - e. sin6- - e.  / cos 6,  - sin 6- 
r      10   2*      l      2 

Sensor E       S « e^ . sinC, + en /cos
2^, - sin2C, + e. sine 

X * 10 1 <£ » 2 

Sensor F S = e sinf, - e. / cos f, - sin f-, + e. sinf- r 10 1 2*2 
/       2, ^2, e. r i— ~ '     ' 



is 

To dctcrninc the angle between the sun vector and the axes of the 

satellite, we need only consider the respective dot products. That is: 

S.e = cos()S, e ) = cosine of the angle between r r " 
S and e . t • 

S.e * cos()S, ej «= cosine of the angle between 

S and e.. 
* 

S.e »= cos OS, e.) = cosine of the angle between 

S and e.. 
9 

Using this approach, we find the following angles: 

Sensor A                        Sensor B Sensor C 

•         /  2      2            /  2 *""   '2 
OS, e,) arcos /cos a. - sin a-   arcos(- /cos a.  - sin o- ) 90-yl 

OS, e0)       90 + o2                90-B2 90-Y2 

C^s. tJ 90 - a. 90-6, / arcos /cos y, - sin y- 

Sensor 0 

C^S, er) 

OS. e0) 

OS. ep 

90-6, 

90-C, 

90-f. 

Sensor E 

90+62 

/"  J      5 
arcos /cos €, - sin €2 

arcos(- / cos f, - sin f2 ) 

Sensor F 

arcos(- /cos 6. - sin 62 ) 

90-C, 

90-f. 

In each case output voltage '1 corresponds to the angle subscripted with 

a"l" and similarly for output voltage #2. 



16 

B. Results and Plots for Different Revolutions  (Full Orbits and Real Time) 

As can be seen by the following plots, the satellite is not well-behaved. 

During the later orbits,  the motion of the satellite seems to becoming more 

stable than that of Rev. 480, however, at no time can a definite precession 

anple be found.    The X rxis of each of the plots represents seconds Greenwich 

Meridian time    and the. Y axis represents the angle in degrees. 

The program to determine the angles between the sun and the axes of thj: 
* 

satellite is incorporated into the major program that will be discussed in 

Chapter V. The angles that are found range from 0° to 180°, so to predict 

a complete turn on either the pitch, roll, or yaw axis one would have to 

examine th«r appropriate plot. An example of this appears in the plot of 

()tS, e ) for revolution 480. The sharp descent at approximately 53.4k seconds 

indicates a complete turn of the roll axis, i.e. ()S, e ) is going from 

positive 0° ♦ 180' to negative 180* -* 0*. 

Since the signature voltages for the sun sensors were not extremely 

accurate, limits wore set on each signature voltage to determine the appropri- 

ate sun sensor reading. These limits and the action taken can be found in 

the program referenced above. 
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CHAPTER III 

DESCRIPTION OF THE FIXED REFERENCE SYSTEM 

A. Fixed Reference System with Respect to the Vernal Equinox 

Since we are considering the motion of a satellite, the contribution 

of the earth's rotation about its axis and its rotation about the sun trust 

be taken into account when trying to determine the aspect of the satellite, 

with respect to a fixed system of coordinates. To express the aspect in 

terms of a ^aocentric system of coordinates would not have much meaning' 

due to the above angular contributions. The fixed system used is with 

respect to the vernal equinox* (March 21). 

Let i be a unit vector parallel to the line from the observer to the 

point on the celestial sphere where the sun appears at the time of the 

vernal equinox and directed toward ihe sun. Let k be a unit vector parallel 

to the polar axis of the earth and j «= kxi 

Vernal Equinox 

Figure 17 

The unit vector j lies in the equatorial ^lane of the earth. 

Every vector in this fixed system can bo expressed in the form 

V -'i cosov cos«v ♦ j cos0v sin#v ♦ k sinQv . 

V is an arbitrary unit vector in this fixed system, i„ is the angle between the 
ft *   • 

equatorial plane and the vector V, ♦ is the azimuth of V with respect to the 

vemal equinox. 

*The vemal equinox is defined as the intersection of the equatorial plane of 
the earth and orbital plane of the earth. 
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B. Expression of Required Vectors in this Fixed System of Coordinates 

In this section we will describe the unit vectors S. M. e . U", and e. in 
,.    r   •   * 

the fixed system of base vectors j, j, k that will be used in the next three chapters, 

1. The sun vector 

The unit sun vector S from the earth to ehe sun can be expressed 

as 

S= i cosO. cos« + j cos0. sin* + k sinO, s   s  '   s   s      s 

where 0 is the apparent declination of the sun and * is the apparent . 
s ■'   s  i   . 

right ascension with respect to the vernal equinox at March 21. These 

angles were found in The American Ephemeris and Nautical Almanac - 1966. 

2. The magnetic field vector , 

The unit vector M representing the magnetic field will be expressed 

as   ,   . , 
M ■ i cosOj, cos*,, + j cos0H sin*., + Ic sinG..      I 

The determination of these angles ©„ and *,. for the fixed system;of 

coordinates i, j, k will be discussed in chapter IV. 

3. The axis of the satellite, e 

The axis of the satellite can be expressed as the unit vector 

I ■ 4 cos0 cos* + j cosO sin* + k sin8 

In Chapter V, we will go into a detailed description explaining 

how to obtain the angles 0 and *. 
A 

4. The vector U" from the center of the earth to the satellite 
i 

Given the following information! 

tm « eppemeris transit time , 

0 ■ latitude of the satellite from the ephemeris 
♦ * longitude qf the satellite from the ephemeris 

t ■ Greenwich Meridian time in sees. 
♦ ■ right ascension  '     , . ' * . 
6 " angle between the nose axis of the satellite and the equatorial 

plane ', 
* ■ azimuth of the nose axis W.R.t, the vernal equinox 

(13) 

(14) 

(IS), 

i   i 

... 

i: 

r 
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271 /T where T is sees,  in a sidereal day 

Given the angles 0- and *E, we can set the unit vector U" in a/ 
rotating system as: ' 

U" = i cosOp, cps«E + j  cos0E sin*E ♦ k sinQp 

where i is in the Greenwich Meridian Plane, k is in the direction of the 
north pole and j - k x i.' Both i and j lie in the equatorial plane of 
the earth. , '     i 

If Wt let tm equal the ephemeris transit tint? at which the Greenwich # 
Meridian Plane transits the sun line (this time can be found on pages 19-33 
in the abovd mentioned almanac), and hi <= al   where T is the time in seconds 
for a sidereal day, and t * GMT in seconds, then 

'      ' ' '' i       ' ' ' 

I » i cos[u(t-tm) + ♦.] + j sin[ü>(t-tm) + «1 I s        , 
j ■•! sin[u)(t-tm) + *-] + j cos[ü)(t-tm) ♦ * ] 

I I 5 5 
' . * 

Using '(17)   and (18)  we can now express U" in the i, j, k fixed 
system, i.e. 

'       i • 

U" ■ i cosOp cos[u(t-tm) ♦ ♦   ♦ *E] ♦ j cosSg sin[u(t-tm) * ♦, ♦ *c] 

* k sin0_ 

whew k is parallel to k.    Perhaps at this point, some diagrams might help 
clarify matters. ^ ' 

Dec 
22 

(16) 

(17) 

(18) 

(19) 

Figure 18 

* A sidereal day is the duration of one rotation of the earth on its axis with 
respect to the vernal equinox.   A sidereal day is 23 hours, 56 minutes, 4.09054 
of mean solar time. i ' , , i 

sees. 

h 

I    ' 
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In this diagram j ■ k x i, end j lies in the equatorial plane of the earth 
along with i.    Looking at the above figure fron another view we have 

i [, 
! 

i^uCt-tn) ♦ I. 

Figure 19 

S. The unit vector e. in the fixed- system. 

Given the anglts © and ♦ any vector R along the nose axis of the satellite 
in the fixed system can be written as 

R *  r(i cosG cos« • j cost) sin* ♦ k sinO) 

3R 
>e ■ "jr " i c0»® cos* ♦ J cos© sin» ♦ k sin© 

1 3R N. ■ - rr "-i sin© cos« - j sin© "sin« + k cos© 

and e , I,., N, defines an orthogonal system. 

Since the satellite may be spinning, e is in the plane of N. 

and Kj, and e. ■ N, cosp ♦ N, sinp. 

(20) 

(21) 

r 
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e nose axis 
r 

Figure 20 

It should be noted that we could have let p' = angle between N- and e.. 

Then we would get 

e. ■ N. sinp' ♦ N, cosp' . 

Using the angle p we get 

e. ■ N, cosp ♦ N, sinp - (-i sinO cos« - j sine sin« ♦ k cosG) cösp 

♦ sinp(-i sin« ♦ j cos«) 

>>e. >-i(sin@ cos« cosp ♦ sin« sinp) - jfsinG sin« cosp - cos« sinp) 

♦ k cose cosp 

All that is needed to uniquely determine this unit vector is  the angle 

p, atid this will be discussed in Chapter VI. 

(22) 

>. 

f 
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CHAPTER IV 

DETERMINATION OF a, AND «„ FOR A FIXED SYSTEM % H 

In this chapter we will determine the magnetic field of the earth in 

a fixed system of coordinates. Using the same approach and same unit vectors 

as in (17) and (18) we can once again set up the following diagram: 

Figure 21 

From the diagram we note that when I * S the angle (/Iti)« ♦ the 

right ascension. Thus the sun line and its right ascension now may be used 

as a reference in the representation of a.vector initially expressed in the 

geocentric system of base vectors I, J, £ in the fixed system i, j, k. 

Let M be a unit vector initially expressed in the base I, J, k. 

M - i cosi|»H cosAu ♦ J COSIIIL. sinJL, ♦ F »Into. (23) 

where *H is the angle between M and the equatorial plane of the earth, 

and Xu is the azimuth of M with respect to the Greenwich Meridian Plane. 

Since i and j are in the Equatorial plane of the earth we may write 

I ■ 1 cos (wt + x) ♦ J sin (ut ♦ x) 
J ■•i sin (ut + x) ♦ J cos (ut ♦ x) 

If the time tm represents the time at which the Greenwich Meridian 

Plane transits the sun line, then 

I > i cos* • J sin« ■ i cos (utm ♦ x)+J sin (utm • x) 

■>X ■ ♦, - w« (25) 

(24) 

H 



and "i = i cos[u)(t-tm) ♦♦,.] + } sin[iu(t-tiii) ♦ ♦ ] 
S 5 

(26) 

j ■-! sin[u(t-tin) + ♦.] * j cos[(i)(t-tm) + * ] s s 

which is the same as was shown in (17) and (18) .    Substituting  (26) 

in (23),'we get 

M ■ i cosik. cos[u(t-tm) + *. + \jl * J cosij^ sin[w(t-tm) * *s * XH1     (27) 

♦ k siniK. 

However equating   (27) and (14) we have' 

sin*H - sin^ 

cosik, cos[u(t-tm) + ♦, * Xj.] ■ coseH cos*H 

cosit. sin[w(t-tm) + ♦   + JL.] ■ cosOH sin«.. 

»>i|iH > O, (angle between equatorial plane and M) 

(28) 
•>♦..  ■   Cd(t-tlB)   *   ♦,   *   ^u 

* 
Now using the program listed in the appendix, the magnetic field can 

be expressed as 

M " ceE F 
+ *♦,, F * erE I (29) 

where r«, 0-, *E are the Geocentric coordinates of the satellite. 

In the rotating system the vector It is expressable as 

IL>[1 cosOp cos*. • j cosO. sin«. ♦ k sinO.lrp 

e. is positive east and is tangent to the circle of latitude, 
»E 

♦FOUCERE, P. private communication, L. C. Hanscom Field, Bedford, Hass. 
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e ^   is tangent to the arc of the great circle going through the polar axes 

and in the direction of increasing latitude, e     is from the center of the 
rE earth outward. 

e  *i5E  e  .-i-**li  c [ ll 
rE  3rE    0E  rE 30C    *C  rECO50E 3*E 

In (29) the terms X, Y, Z and F are given by the referenced program and 

F equals the total field, X the component; of the field in the e. direction, 
ÖE 

Y the component of the field in positive eA , and Z the component is 

radially downward. 

Since the angles %  and 0- are the latitude and longitude respectively 

of the satellite in the goecentric system (obtained from the ephemeris], we 

now have 

e     = i cosGp cos*_ ♦ j cosOg sin*E + k sin0_ 

e     -f sin0E cos#E - J sin0E sin«E * S cos0E ^ 

* 

e.   =-I sin*jj + j cos*E 
E 

Substituting (30)   into (29)   we find 

I 

F M =-i[(X sinGL + Z cosGg) cos*E + Y sin*E] 

-j[(X sinGg + Z cosQg) sin«E - Y cos«E] ,^ 

*k[X cosOE - Z sinOp] 

where F2 ■ X2 ♦ Y2 ♦ Z2 

From   (23) and  (28) we have 

M ■ i cosGi. cosXH ♦ j cosQj. sinAj, ♦ k sinOj. 

Equating (31)  and (32) we find 

(32) 

/ 

\ 

^ " ""i"   | XcO89E-Zsin0El 

\    . .......   I* cos«c - (X sinG- ♦ Z cosQ.) sin*ql • *H ■ arctan     _        E •       E r. II 
N [-Y sin«E -(X sin9E ♦ Z cosOE) cos«E' 

(33) 

f 
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Substituting (33) into (27) with %.  « eH i.e. 

M B i cos0LI cos((ii(t-tm) + *, ♦ Au] + j cosOu sin(ui(t-tin) + ♦ + X.,] 
M S   n        n S   n 

+ k  sin©u H 
will give the unit vector in the direction of the earth magnetic field in 

the i, j, k fixed system. Equating (54) and (14) we now can find the 

angles G,. and *„. The  expression for angle 0H is given in (33) and       « 

♦H = (D(t-tin) * *s + AH (35) 

where AH is given also in (33).    The magnetic field of the earth is then 
given by 

M = F M 

where F is given by Fougere's program as a function of (rE, CL,  *p) j 

F2 - X2(rE. 0E. *E) * Y2(rE. fy %} * Z2(rE, %t %) 
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CHAPTER V 

DETERMINATION OF G AND ♦ FOR  A FIXED SYSTEM 

In this chapter we will discuss the determination of 0, the angle 

between the nose axis of the satellite and the equatorial plane of the 

earth, and *, the aximuth of the nose axis of the satellite with respect 

to the vernal equinox. ^ 

A. Thcoietical Description 

The unit vector e in (15) can also be expressed in the form 

er - ^+ ^+ f-Hr        * <36> 
2        2        2 and dotting e   with itself o   + ß* ♦ y* + ZaßM'S « f 

where M and S are as in (14) and (13) respectively.    If we dot e 
with M, S, and M x S we find 

M'e    - cosß.. « a ♦ BM-S (37)      I 
1 

S«e, « cosß. = aM-S ♦ 0 (38) 

M x 8.t,. im&sm (39) 
r iKxSl 

Equation (39) can be rewritten as 

A A 

M x S«e_ (40) 

|MXS| 

The angle B Is defined <n Chapter II. and 6H is defined as 

H, 
cosßH-   ip (4i) 

o 

/   . 
/ 
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i 

where H- is the component of the earth's magnetic field parallel to the 

nose axis of the satellite and H is the total magnetic field determined 

from the three magnetometers X, Y, and Z. 

i.e. 
2   2   2   2 

0 
(42) 

Solving (37) and (38)  for a and 6 by Cramer's Rule we find 

cosßu - M-S cosß, 
H S 

i-(M-sr 

cos8    - M-S cosß.. 

l-(M-S)' 

(43) 

M        A        A A        A        A 

Let l-(M'S)    be replaced by  |MxS|  ( then we can express e    as 

(cosß.. - M-S cosßJM          (cosß    - M-S cosßJS (MSe ) MxS 
ft   _  \i s  s H r 

| MxS I' MxS |MxS|' 
(44) 

Since e -k ■ sin© where e is as in (15), then using (44) for e 

and taking the scalar product of e and k, 

M        « A A A  A 

(cos0u-M'Scosß )slnOu+(cosß -M-Scos0u)sine ♦(MSe )cos0LJcosOcsin(t -♦„) 
n s n 5 nSTnSSn sine 

l-(fi-S) ^2 

(45> 

All terms in (45) are now knownexcept for the triple scalar product 
for (MSe ).    If we tak« tfte scalar product of (44) with e   we get 

1 - 
(cosßj! - M-S cosßs) cosßH ♦ (cosß - M-S cos0H) cos8s ♦ (MSe^ 

ItT 
| MxS | 

(46) 

i! 
r 



Replacing  |MxS|   by l-(MS)  , (46) can be rewritten as 

(MSe )2 = l-(M-S)2 - cos20u - cos2fi, + 2M'S cosß, cosßu r us s n 
(47) 

2 2 Replacing cos SH by 1-sin 6,. and completing the square,  (47) can be 
rewritten as 

(MSeJ2 ■ sin2ßll - cos2ß. -  (M-S)2 ♦ 2M-S cosß. cosßu X ti s 5 n 
2 2 2 2 cos ß    cos ßu + cos  ß^. cos 9.. 

S n S n 

(MSer)2 - s,in2ßH - cos2ßs (l-cosßH) - (M-S - cosßs cosßH)2 

(MSeJ2 « sin2ßu sinV -  (M-S - cosß. cosßu)2 

r n s s H (4«) 

Now replacing (48) into (45) the angle 0 can be determined, however 
an ambiguity arises due to the term 

_ ^-^  
(MSe ) =* / sin ßu sin ß, -  (M-S - cosß. cosßu) r us s n (49) 

According to Report AFCRI.-65-516 page 5, the positive sign for (MSe ) 

must be taken where e is on the same side of the M-S plane as MxS, and 

the negative sign where e is on the opposite side of the M-S plane. Also 

for a flight where the magnetometer data is accurate (MSe ) will be real, 

i.e. 

(MSeJ2 - sin2ßu sin2ß. -(MS- cosß. cosßj2 >0 r n s s n 

2 In actual flight, however, it occurred that. (MSe )    <0   which is 
physically impossible.   This was a result of erroneous magnetic field 
data which occurred frequently during the flight of 0V1-5. 

When e   makes an angle <90* with the vector MxS, then (MSe ) >0 
and (MSe ) <0 when the angle made >90*.    In the case of a rocket flight, 
this presents no problem but for a satellite we are unable to predetermine 

*        A 

the position of e relative to the M-S plane. In order to get around this 

problem, the output for angles Q and ♦ from the program ASPECT was analyzed 
and those values which gave the smoothest curve fit were selected. 

>, 
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In this manner we determined whether to take*(MSe )or-(MSe )during a 

specific position of the flight or a combination of both. That is, when 

a crossover in the plot of 0 occurs the sign of (flScJ should be examined 

to insure a smooth fit. If at any time in the flight 3, = 0, the ambiguity 

does not exist since at this time 

and ♦ » * 

as can be seen in revolution 957. 

Using expressions (14) and (13) and forming the scalar product of 

each with •„ we have 

cosO cosOj, cos (*-♦„) + sin0H sinG ■ cosß., 

cos© cosO   cos(*-0 ) + sind   sinO * 'cosß s s s s 

Now according to Report AFCRL-63-871 page 5 and 6, upon multiplying (50) 

by sind     and (SI) by sinO,. we can eliminate sinO from (50) and (51).    In 

a similar manner cosG can he eliminated and the above equations can be 

rewritten as * • 

(50) 

(51) 

where 

b, cosO cos« ♦ b. cosG sin* = a 

(b, sin© -c) cos« +(b2 sinO- c_)  sin* = 0 

a ■ cosBu sinO cos 6 s sinQH 

b, ■ cosOu sinO   cos*u 

b, ■ cosSj. sin0s sin*.. 

c, » C9s3H cosß   cos*H 

cosG, sin0u cos* 
S It s 

cosO"   sinOu sin* s ti s 

cosO_ cosß.. cos* 
SMS 

c, ■ cosOu cosß. sin*,, - cosG.  cosß,. sin* * n s M s ii s 

the solution of (52) is 

(52) 

1 

«(b, sinQ-c.) 
sin* ■ wsmfidfti 
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or 

cos« 

tan* * 

■a     /b2sinQ-c2\ 
coso VbjCj-b^j      / 

b.sinO - c, 

-(^sinS - c,) 

Another and less tedious method of determining the angle ♦ is to take 
the scalar product of e in (15) and (44), both with i and j. In this case 

tan« ■ ^,er 

where the expression for e in (54) is that found in (44). 

B. Program to Determine 0 and | with Explanations 

The following Fortran program named ASPECT was written for the IBM 7094 

computer and its purpose is to calculate the angle G and « as described in 

(45) and (53) respectively. Frequently during the flight of OV1-5, we found 

poor magnetic field data. As a result, when running this program considera- 
A 

tion of the angle B„ ■ (IM, e ) sometimes produced erroneous values. That is, 

terms in which cosg,., written in this program as CBETAII, were involved 

produced at times negative values for 

(53) 

(54) 

1. - STHETP * STHETP 

1. - STHETN • STHETN 

used for the determination of 

and 

CTHETP - SQRT(1.-STHETP * STHETP) 

CTHETN » SQRT(1.-STHETN * STHETN) 

In ASPECT, CTHETP ■ COSO when the plus sign for (MSe ) was used and CTHETN « 

COS0 when the minus sign for (MSe ) was used. In the final analysis these few 
* r 

poor data points were overlooked to insure a good curve fit. 

The output of this program is as follows: 

MSe t ■ sin2eu sin2ß. - (M«S r      n    s cosßs cos6H) 

MSe. ■ /MSe t 
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THETAP and PHIP are the angles 0 and ♦ 

when ♦ /'MSe t was used 

THETAN andPHlft are the angles 0 and « 
rrr  

When - / MSe t was used 

H • the total magnetic field delermined from the data 

( 
I 

i j 

! 

SUNAX =  «S.eJ r' . . • 1 
'     SUNTHE=  (lS,eG) 

SUNPHl«  f<S,e4|) 

GMTT ■ Greenwich Hem time of each data point 

THETNW and PH1NEW are the latitude and longitude 
respectively of the satellite with respect to 

i        |   Greenwich fcir the time GMTT. . i 

SIG is the signature voltage of that sun sensor 
which is giving sun data        • 

i 

J' 

( 

/ 



»ID     025? MARCOTTt    AjPECI L3 44 
SICP TIM£»0£tPAJLi»lS          
l-LL COHtllWf 
HoJta OLOOXC  1 - 
HHPTC   «SPtCT LrST«REF.nFCK...t.OD 
C AbPtCl          -    - 
C THFTAsfiNCiLF   PFTWFRN   AXIS   AN*  EQUATORIAL   PLANF 
C PN|«A||M|ltM  0^   AXIS  UF   SAlfclHIt.  MaT-V£BNAt  jflUKM 
C THFTA-M=ANGLF   ^ET*FFN   tOUATORIAL   PLANE   AND  MAGNETIC   FIELD 
X- P»sI-ri^^IKUlH   OF   mUAfeHC-iiftB <«&X-Wt.H\At   fcUttMOX - 

D|Mtr«d|ON   tNCIAIlMl «PHI (?'Jö) .X(?«,8) «VIZ^SI *2l2b8) tF( 256 I «bMT ( 2t>H I 
uvt(>^ = ?.«3.lii^V27/b(»16<^OV4   

9S REAP («i.901 THcTAS»PH!StTM.NuMB,CHECKA.iPAN 
9w FUKKAI l^FIO.a.^ 10.2»6X»l<»«a>t.l>        

J=? . 
. _  .J«J*I .  «  

TrttIA5rrHETAi>».017«533 
...        Pf<|S«PHl&JI.O)7A&31   

READ   I9«tl    (THETAII ItPHKIIfXII ),YlI)«Z(n«Fi I J,GMT( I ) . 1 = 1 .N')»!) > 
 2  FORMAT   >2F10.3^10JC»5FI^.3J  

U   RIAD   IS«1I GMTT*XXfr>tZZ»^AI«SA2«SlGtHTEST 
1-FORMAI ,I 7F10 . T »MM* U1  - 

C     DETERMINATION OF SUNAXtSUNMHl«SUNTHE 
A«ABMSIC**.69i  _. 
B>AHSISIG-3.90I 
C«AbblSIG-3.19l —      
D=AbMSIG-2.A:) 
E = AoJ)(SIG^.A6) -  
FF»ABS(:.IG-1.57» 
IF(,11-A4-^*-1^.10       

5 IF (.35-B» 6.11.11 
6 IF (.35-0 7.12.12         
7 IF(.40-D» 8.13.13 

- &   IF (.3&:s£F4-9»44.14  
9 IF(.35-EI 97.15.15 

1U ALPHAl8.-&^.in-1.37^»SA1.H<t.^Qq#-<;Al»AA1-3.1^7«SAl.:»q 
ALPHA2 = -«'».e52+1.363*SA2+13.063*SA2*SA2-l,98<»»SA2*»3 

         SUNPHIs90.-ALRHAl  - 
SUNTHFS90.+ALPHA2 

 ALPilAlaALfiaAlÄ* 017.4333  
ALPHA2rALPHA2».0174533 
XCOS=£»QKnCQS<ALPriAl )*»2-MNUI PHA2HHf2 »   
XSIN = SORTn.-XCOS*XCOi)) 

_ SUNAXsATANIXSIN/XCOSI       
SUNAXaSUNAX»57.29578 

 —GO JO 46 - 
11   BETAls-45.956-»-<».636«5Al + 11.970*SAl«SAl-1.901»SAl»»3 

SUNPHI^50.-BETA1 
. SUNTHEs30.-QETA2          

BETAlr^ETAl*.0174533 
...^itXAisBEIAit^Ol 74533  

XCOS=-50kT(COS(PETAl)**2-SINIRETA2)»»2) 
— J(6INsi,0KTU«-XC0i»yC0S)  

.SUNAX = ATAN(XMN/XCOS) 
SUNAX = SüNAX»57,29578+]8a, '■  
GO   TO   16 

-12.-ftAMMAs-4&,a.7.7.»2,53A<L&Al*i2.ai6tSAlt5Alrl.9g/lt5fl.UJL3  
SUNAX=90.-GAWMA 

. f.AMMA3g-^A.qt.R*/..ft??#^A?*13T^/.«V?«CA?..lTor>7»^A?**^ 
SUNTHf =90.-GANiMA2 



GAyM«.-GAM,vA»,017fcS33 45 
CiAMy.i4? = OAKMA2».01 74^33   
XCob=SGHt (COS(&A,-;-A)*«2-Slf*COAMKA2»««2) 

_JLiIMs6wST4X.-xaii»XCüäJ  
.SU\PHIrAIANJXSIN/XCObl 
SUfiPMlsSLNPHIt^I.^qSTH  
GO    TO   ]6 

13 DFLTA--45.795*3.?96«SAl*l*.V2**iA4-»*A*-ic^70kSAl*ft^-   
SUNiX=tc,-DELTA 

MJIIlHC*fO««MLTA| 
OELIAsntLTAA^Ol/^tiSS  1 -" "  
0ELTA?=0ELTA?*.017Ai3 3 
XCOh=-rSMMC0i>lJi.UAI*»2-*lHlDLLlA2i»*2i —  
XSl.». = Sf;WT(l,-XCOj»XC0jJ 
SUNPHl=ATAN(XS^/XCÜbl«i>7.2qf»7a^XBO. ■-/     ' __ 
GO   TO   16 

14 fTHFTA = -45.6ni*?,S73«SAl*l?,483**Ai»«;A4-=a,OJ«W^Al*»-3.     - 
SUNAXr^fi.-FTHCTA 
FTHEI2 = -<i6.C21*3.?28»SA2*;2,WZt&A7*«V-l,A95«SA^*A*--     -       . 
SUNPH|=90.-FTMET2 
FTHLIAsFTM£TA».017<»&33    ...        
FTHCT2 = FTHFT2».nl7<,t>33 
XCÜi = -SükT(COSiFTHtIA)«*2-SINtFlHFT2l»»2J   - . - 
XSIN = SORf (l.-XCOi.»XCOS) 
SUNIHL = AlANIXbIN/XCOb)*'t 7.?9&7^*1«0.   --   , 
GO   TO   16 I 

lb   EPblL';s-^B.057->U.R76»SAl*i>>;L5AJ.&Al.t.&AXtt.a&U&AU»3  . 
SuNAx = 90.-tPSILfM 
EPSIL2sA6.387-7.»»2A»bA. -9.191♦SA2«^t^*l»AOÜt&A^»t^  
SUNPH|r90.-EPSIL2 
EPSlLfJ = EPSILN».017A533 ...     
EPSIL?=EPSIL?».01745?3 
XC0i>=i.0ftT ICOS (EP31LNI ti2-«*lA4C8M434-Ul4< 
XSIN=SQ^T(1,-XCOS*XCOS) 
SU,\TME.--ATAN(XSir;/XCu^|v57.29b78         
DETtf<MINATI0f4  OF   BETA-H 

16   XMG=2^9.458*XX-60^.989   
YfiG = 251.256»Yy-606.n30 
ZMG = 2^7.934»2Z-592.562  ;  
HsSGRT(XMG*XMCi+YMG*YM&+ZMG*2MG) 
GO TO 30  

26 J=J+1 
31- REFER = GMTT-&MT(J)  ...  •... 

IF (KEFERl 23.2^.24 j 
23 REFEK = -ktFER      / ,   ! 
24 IF (RtFfcR-CHECKA) ?b»25.26 \ 
25 TIMt = GMTT-GMT(JI  ,  .. . J 

TIMtT=TIME/SPAN 
IF (TIME) 27.28.29 -     . •   j 

27 FNEW = F(J-)-TIMET«(F( J-l )-F(J) I ' 
XNE'.VsX(J)-MMET»(X<J-l )-X<a4J—I ■- -i 
YNFWsV(j)_T|MFT*(Y(J-l)-Y(J)) 
2Nhrt = Z(JI-riMtT*<2(J-ll-Z(-J4-)- 
THFTNKV = THETA«J)-TIMET»(THETA(J-1)-THETA(J)) 
PHINL/, = PhUJl-IIN'.ET*lPHl U-U-rJ.H] i J> >  
GO 10 33 

28 FNEW = F U! 
XN£A=X(J) 
YNEW=Y(JJ 
ZNFW=Z(J) 

T 



&   rc 11 
2i i?.v.-«s?i.j.»-rn:r r»i.r< J.I-?UU4-W  

¥\,r <«aVJ J».-T|i.rT'!  ' !.i.t.-1Cta*H  i 

M|.ifc«*Pf4| < j i-r :*••-r»i^-i ( JI-PHI ( J*I n 
ii  Cm l±e-~i~-~jJ it. _      .  .-   

prt:.\£,Ksen.i>ii.*t..,:;^äii  .  .1  
CC'CMtfMTKMi •'   r—U-H AND PMI-H 
Iftif TtiMltK«tffj'if Ttiif*rtf|-|fifirMt*tf #tiffT*TrtTr**Tfi  

iKi-' MwJUAm ^IH.:. in/ring :H > ....       *   

ift3ifc«if<m itii»« *ii'iirMti<<ii«Tiiiiiiiiiiitiii**ffftiitt-''iii*,r* 
15l\|Pi-lNCwi-Trfi^»-i" -(PwINE«» ) I 
i'r,:fis^uZZJUkXC*:..ll-i::'l*»'H[imA}iAZi\H .      , 
Ofi'rl-i'iINATIi.N   Of-    Mj   ANO   MSEP 
.ÄdC = C'iS-f.rH£rAiJ.  
.'f.;-_:.\1 THr'AS» ' , 
•irp sfC-sitHi j> . ..   
DFHa^lMCPH.T,) 
jr;.10Al5vs.Cr.iHFTh»A.-.C »C.^<.PMJ!fc-P«-U-)-*Ä-tfcif 4^«.»ieF  ( i 
d..r.|A)( = £.NAX»,-17*^3? 
a IM a^toAiauauirii^. — — -'■ ' 
C- JUhsfO.ilGo'NAX ) 
CC^f T.=CCÄ_M»CP.£IAH       . .  
E^ie«T»Sl»lSüH»51t!«5l.N*< l.-Cr-ETAH»Cr-ET AH! -(';V:r;CTslc:-)-r,f:T , »«j 

IF    (E^äcitJ.   6-1 fcb.;»«)^  | 
oi   SviERsO.D 
 OU  lO^iJ  
62 cMaCÄ = Sv-i<T(EWJERT! i 

. a£tEli^l.NA.H.aN. CJ?   THETA. AIMO   PfcH  - 
63 AA=(üEF-£MDCTi*ort-;i-;TH)*COSUNf (STHETH-EMDOTS*DEFl»C&ETAH t 

BU-AAC»CIU£lH*.r» 1 N.   i.PM.i.J.-Cdj4d-HtEh.aFB 
CC=l.-e:M00TS*E"-1CCT3 

STHETN=(AA-Rfl)/CC 
CTHE-iP=saar. L u»4.twE.T.»#iiatfxaj.  
THET,.iP = ATAN{STH£r?/rTHETP)»5 7.29578 
£.tH£.T.N.sSOfil C W*6.tHE tfe^^.THETM)  
rHETA\ = ArAN(STHr. T'v:/CThETNI»5 7.2957 8 

ItUZUblPHUxl       -/ 1 
SPHlH=SIN(PHIh» I 

.     tll=ClH£.TH»a£f »CPMlt:t-*MlC*;älH£Jltl»AC£  ....  - ..     1 
R2=CTHFTH»DEF«SPH!M-APC«.STHFTH*DFH 1 
CI.=CII.lFTH.-»CQSUM»C?HXH-AaC*CPETAH*Ar£ .  .. - j 
C2SCTHFTH*C0SUN»SPH:H-APC»C^FTAH«DFH I 

.        A»)HMSP.]»ATMFTP-ri   | 

AI)FNOf/s-(^?»SrHET5-C2l 
bNJM = bL>jTrttrN-Ci .     . - _   ..      ..   .    j 
PCFNOM=:-(B2»5THf .'M-C?) • ' 
PHIP = ATAN. iMUM/AD£NOKl.*Jl*2ÄiX8  - 
M-tlN.-ATAM   (aNiul»t/öO£f^wi*S7»29S?8 ' 
lriPnL9J.JL2fJZ.tlZ . ■' 

72 Ir--(AMLM)    73.7t)»?i 
73 -'-tlP^PHlL'tiaO.   ....    . 

GO    TO   76 

'         "', ' '' h 



•, 
7- 

  71 

.. _. Zi 
76 
82 

bi 

ttu 

— • 81 

_ bt> 
tti* 

lflA\U-)   71.73t73 47 
Prill'^UlP^ba» ,    
GO   TO  76 
priip=fiap-,  . - — 
IFIPHIM   80.82.82 
IFIMMMl   B3^Bb*8Ii 1 ■—  
Prllri--?MlN*180. 

IF    (O'IUV)   81.83.83 
9H%U»PHf9t*9tß*     - ~ 
GO   TO  fcl» 
PMlUmtHlH   _  _ . 
THETNA = lrtFINW«57,?0',7R 
PHIK£W-PM|NE«»bl.2'J-^7«  
toRlK (6.491   E^SE^.CMbtRT.H.THETAP.THEIAN.PHlP.PHIN.SONAX.äUNT't. 

-2^Lmani^iHi:i.MM.pia%t.,.»sui.MTT  
4V   FORMAT(lX,2F7.*.lnF6.1.F6.3.F10.31 
...  PUNCH -ii.3.M«Ii<t.TAP.Tht£IAN*P*ilPiPHirii»&Uf»AX»SUr*TH£»&UWHI »iHiTMni« . 

1PHIM*.CMTT 
 A3 

97 
...2b. 

FüBKAmOFd*4.F10.3» — 
IF   iVnEi.T-999)   A.9b.96 
CALX. EXIT .. 
STOP 
ENO 

»DATA 
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CHAPTER VI 

DETERMINATION OF (5ei, U") 

In this chapter we will detemine the ang> between the unit vector Ü" 

as expressed in (19) and e. in (22). The unit vector e. is the direction 

of sensor C on the satellite and e. =-c x e» for the c , eg, e. systtn ■ 
with regards to the satellite as discuss«d in Chapter II. 

A. Determination of e. in another fixed system 

The prob lea as was mentioned in Chapter III is to solve for the 

angle P. In order to do this, we must set up another system for eA. In 

the following figure, e^ is in the plane cf 1. and N-. 

Figure 22 

and can be expressed in the form 

V oS ♦ »('r X: e - oS ♦ ß(er x S) ♦ YSx(er x S) 

l§x(erx§i| 
(55) 

whore S, and the vectors (e,. x S) S x (er x SJ 

|l X (erxS)| IerxS| 

define an orthogonal system of unit vectors. Since 
M A A        * A A A 

S x (e   x S) ■ e_ (S-S) - S(e -S) » e. - Scosß. r r r r s 
it is easy to show that 

/■ 
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|cr x S|  =  |S x .:er x S)|  = sinfts 

where BS - (fS er) 

I 
(S6) 

f 

To determine a, ,i, and y  in (5S) we must take the scalar product of 
*•      •        *       • 

et with S, er x S  , and S x (er x S) respectively. This gives us: 

sinß. sine. 

a - e^.S « COSYS 

. e,. *M * *    _   fVr« 
sins. sinß. 

(57) 

(58) 

Y • «, 
(Sx(er x S)) m  §A  Ier - S cose^ *,. 

sine. jlFs" 

cosy cosB 

sTnSl 
(59) 

Using (57) , (58) , (59)   it is now possible to set 

eA.cosY    I ♦ (SerS)      (er x S)  - cosf s cos»s     S x (Cr x S) 
* s sinÖs siniSs sines sinß. 

(60) 

If we consider now th; scalar product of e in (00) with itself. 

1 - cos2v * <;*er **  *    coi\ co*\ 
sin2ß. sin'ö. 

r 
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(63) 

»> sin B   « sin 6, cos y   * cos fi   cos Y, ♦ («*•_ S) 

/—1 i    ' 
-> (e4erS) - » /sin ßs - cos Y, (61)       | 

Inserting (61) into (60) ( • is new expressible in the orthogonal . j 

s/steB S, « x S ,  S R (e x S) . The plus sign for (•t« S) will 

sinö        sinB • 

used when e is on the sane side of the e - S plane as e x S. Otherwise | 

the ainus sign will be used in (61) . > 

Bo Detemination of the angle p 

Using expression (22), (60) with the value of (e0e_S) found in (61), 

the purpose of this section will be to determine the angle p that e. nakes 

with N, wi.ile rotating in the N. • N, plane. In this method, we shall 

equate the k  coefficients in each of the above mentioned expressions for 
e.. The k coefficient of (22) is cosG cbso. If we let 

A ■ cosö sin« sin© -• cosO,. sin* sinG 

B '  cosG cos« sine - cosO cos* sin3 (62) 
S S 9 

C ■ cosC cos©   sin(* -*) s s 

It can be shown that the k coefficient of (60) where S and e    are in the 
ii j• k systems is 

COSY, sin©, + C(VrS)  - COSYs cos8s     fcos©. cos«    B-cos0e sin« A| 
s s c 2 * L        s s s  I 

si*'ßs 
sin ß. 

Equating cos© cosp to (63) and simplifying 

r 
2 * i cosp • sin 6 COSY sin© ♦ C(e.e S)-COSY.cos0 cos© (cosO sin©- cosQsin© cos(♦-♦)]  (64) 
 «* 5 5  ™« S99        9 9 9  _-j  

sin B cos© I 

* 
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hfe nay further sinplify (64) by using the expressions for e    and S 
in (is) and (13) respectively. 

■>e -S ■ cos© cosO   cos(*-« ) ♦ sind sine   ■ cosS r s        l     $ s s 

2 2' «>sin ß. cose cosp    * sii.  ß   sine   ^(e.e S) -cosß (sine - sinO cosß s „ ' _ s s * r s s       $ 
COSY ——^ . 

S C0SVs 

2 2 ' • sin &   sine. ♦ sine   cos 6    •■ C(e.e S) - cosS   sine 
S S S S 9  T S 

cosy. 

cosp« cosy    [siuC   - cose   sine] ♦ C(o.e,8) 
9 S S v  T 

sin 0   cose 

Due to the tern (**« s) an ambiguity results for the angle p. As 

can be seen cy figure 11 in this chapter the angle y is a minimum when 

e , S, and e. all lie in the same plane. We know from a previous 

discussion that (e.e S) is positive when e. is on the same side of 

the e -S as e xS. Therefore we may also say that (e^e S) is negative 

as Y goes from its max value to its min value. 

We can obtain another expression for the angle p by considering 

the scalar product of (22) with the sun vector S expressed in (13). 

If 

A, = cosO sinO, - cose sinO cos(*-♦.) 
l s     s        .s 

A- ■ cose jiii(*-« ) 

(66) 

i 

/ 
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S2 

e.-S * cosy, ■ A. ;oso -A, sine 

2        2 2        2 2 
- »A. cos p - ^AjA.sinp cosp • A, sin p = cos y 

->A1 ♦ A, tan p - 2A Ajtanp - cos y (l*tkn p) » 0 

2     2     2 2     2 ■ >(A2 - cos |J tan p - 2A.A2tanp ♦A. - cos y, ■ 0 

—j 9 5 2 j— 
»tanp ■ A^Aj» / Aj cos y ♦ cos Y,{A. - cos y^ 

so 

tanp « AlA2» COSYS / Aj
2 ♦ Aj2 - cosZys ^ 

 _—  
A/ - cosS$ 

' 2 2 2 2 A.    ♦ AJJ    ■ cos G sin 0   - 2cos0 sin0s cosG   sin0 cos(«-» ) 

2 2 2 2 2 ♦cos 0   sin 0 cos (♦-♦ ) ♦ cos 0   sin (♦-♦ ) 

2 2 ■ (1-sin 0) sin 0-2 ii 0 cos© sin0    cosG   cos(»-« ) s s ? s 

♦ co520s (l-cos20) "cos2(»-'»s) ♦ cos^ sin2(«-«9) 

2    2 
« - sin 0 sin 0 - 2sin0 6os0 sinG cos© cos(«-« ) 

2    2    2 
- cos 0 cos 0 cos (♦-♦ ) ♦ 1 

■1- (sin0 sin« + cos0 coso cos(*-* ) 

by (65), Aj2 ♦ A22 - l-cos2ßs ■ sin26s 

Inserting (18) into (67) we now have another expression for angle 

p, that is 

''2 3 tanp ■ AJAJ * COSY9 / sin B5 - cos YS jggj 
 = >  

*2   - co8S9 

(68) 

in 

7 
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The aabjguity can be resolved in the sane manner as previously discussed 

since the term in Che square root is exactly that found in (61).* 

C. Theoretical description for (te«., U") 
I 

Rewriting the expressions for U" in (19) and e    in (22). we have 

0" ■ i cosQj; cos{u)(t-tir)  ♦  ♦, * •pJ * J COS0E sin{ui(t-t«) ♦ ^ ♦ »g) 

I 

♦ k sinOE ■    " I 
i 

e. ■-i(sinO cos* cosp • sin« sinp) - j($inO sin* cosp - cos* slnp) j 

♦ k cosO cosp ; 

Now taking the scalar product of (19) and (22), 

* • • I 
e.. U" ■- sinO cosp cosCj. cos(*-[w(t-tn) ♦ * ■* *_]) ■ 

I 
- sinp cosj- sin(<-(uit-tm) ♦<.♦«-])♦ cosO cosp sindc I 

CSC t I 

e.. U" ■ cos(<e., U)  « cos0E(cosp (cosO taneE - sin© cos(*-((K(t-tm) ♦ ♦   ♦ ^J)) 

-sinp sin(*-[u(t-tm) * *$ * »g])] 

In summary (70) determines the ang'e between e. and U" where the 

angle pis determined by (69) or (66). Wien v is increasing, use the 

• sign for (e.e S) and when y    is decreasing, us« the - sign for (e.c S) 

D. Program to determine (<ea. U") 

In the following program written for the IBM 7094 computer and named 

ASPECT FINAL, the output is as follows: 

(70) 

* The expression for sinp and its derivation can be found in Appendix F. 

/' ' 
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/—2 r ROMP is the angle p when ♦ / sin ß    - cos y   was used 

/  2 T 
ROWN is the angle p when - / sin S - cos y   was used 

9 s 

ANGLER is the angle between e. and U" wh'.-n ROWP was used, and 

ANGLEM is the angle between e. and U" when ROWN was used 

BANGLP - 360 - ANHI.EP 

BANGLN ■ 360 - ANGLEN « 

SlINPHI " Y. ■ the angle between the sun and e. 

GMT ■ Greenwich mean time for each data point 

The only problem that occurred while running this program was at varying 

times the. term 

oin26. - cosV |      (71) 
9 5 

was found to be negative and therefore an error was encountered when 

determining (e,e S). However this occurred so infrequently that the 

data points at which (71) was negative were just overlooked. 
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j.r., ——^? TOTOTTT" ~ A^rrTi nwc n "" 
$TCP        _ TIM£e03»PAüE6«l>  

HL'JUH DLOGK 
TTTrTc Aspfci   iTirTTPTr7i)trrrr.'Dü   ' \ 

C.  _ ASPTCT   FINAL  
c        'nnfKNTffiÄT'RWoT"AT;'.v roR ANCLE SHTWF.CN i..--nt,i AND 0 IN FIXLD SYSTtM      I 
C IF   SUMPMI   IS   INCREASING  FROM  0   TO   ISO DEGREES.   USE   ROWP 
C IF   SUNPHI   If-   rr-CRI ASTNn   r"Of-'   180   TO  0  DtORsTFi   USE   ROWN 

y  8MP(5»ilTMETASfPHIl.TM 
■a   WmfUT( 2 F1 n » 5 ♦? 1% ? I 

THE TA.T = THETAr.».0 17^.2 3 3 
PHIii = PHli>#.017A533 
(JME CiA«2i»3t1418iV 2 7/rifel6<«.091  

" 3" RliTo ( ? , 1 ) THC T A , PH I ,SUNAX.M..NPHI , THE TM.V.PHINÜA. .GMT »MTEST 
1   FORMAT   (6r7.1 .F10.3.AX.U)  

TMtTA = THETA»,r.l7^533 
PH\=PH]*,On'*bri 
SUNAX=SUNAX».ni745 3? 
SUNPHI»SUNPHI«.01745 33  

*A = aTsTtHETA MS IN ( fHF TAS ) -COS ( THFTA5 ) »5 I N t THE TA ) »COS ( PH I -PH I 5 f 
o = COS(THET A S)»SIN(PHI-PH I S | 
CrCOMSuhPHl) ' —  
TERf' = C*aC;RT(SIN(S(.l\AX)#»2-C*C) 

~3Trov.'P=Ä«B+Tr^^—     !  
SROWN«A*i-T|Rti    

HYPüTP = Sa«T(SfcOwP»<.?+CRü'.v»*2) 
RTPÜTWPSTJin Ll-.küivN»«2+CHClA»«2>  
SRCivPrSROWP/HYPOTP 

■ ST?DT^I-',-^üwM/HVPi;Tr:  
CR0lr'P = CROW/HYP0TP     

^ fJETFRN'r.ATlON   OF   ANfilE   f-FTivEEn   E-PHI   AND  U  
~7MD A ='PMINFW».0174533 

PSI = THETNl<.'*.0174533 
~tJirOS•(THbTA|»SIMI-i,n/CU5l PM I -SINITHLI A ) *CÜ5 (PH 1 -1 ÜMfcGA* 
2(GMT-TM»*PHI5+AMDA() 
psSTMPHl-lö;-1tGA4(C,N'T-T^)fPnIS+AM6A))  

1- 

XCObP=COS (PS I I ♦ ( CRO'.-.'P«D-SRO',vP«E I 
 X51 RFffSWm 1.-W'JSP^xCDSP)  

ANC.Lfc:PsATAN(XSrNP/XCOSP)*57,295 78 
 xcfrtsNscöJ (PS I) • (TR?yOTF?n?ü5WP| i— 

XS I NNaSORT (1 ,-XCOSN'»XCO.eN ) 
 VW, LT^AIANIXSlNN/XCOSNI^b/.^^bTB 

BANGLPsATAN(-XSINP/XCCSP)»57.29578 
—^-mrrr^rnrrTTS — 

<» ANGLEP = ANGLEP+1B0. 
~ "•fWCLPIBANtLM+lW),  

00  TO  12 
—fi  t»ANM.MahAN5LP-»36(T;  
12 BANOLN=ATAN(-XSINN/XCOSN)«57.29578 
 lH/LObNI/.J.b  

7 ANr,LEN = ANGLEN*180. 
" —WAN^LNrHANGLN^lBÖ.  

GO   TO   !3 
nAWjLNsHANGLN+Uf). 

13   ROWPsATAN«SR0WP/CROwP)»57.29578 
 Kül.-.iN=:ArA,M«,W0WN/'(.M0wNMb/t/9b/B 

IF   (CROWP)   24*3.26 

h 

f 
% 
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•   00   TO   46 

ZbIF_( bROWP )   kUi'tinJ.b  

<*6   IF    (CBOwNI    ^^t'itbb  

GOTO 66   

b**   ROWN = ROWN+360.        
■ IV lUMPMItSUNCMItt^V.39171 '  

•»RITE (6» 11 )R0y.P.Rü.v^ANGLLP«UANGLP»ANGLt:N»hANGLNt5UNPM «GKT 
ii i-oRMATiix.Bna.^i  

PUNCH   2 »KOwP »KO.'.N ..ViGLH' »LIANOLP » ANCLEN » UANGU^SUNPHI «GMT 
■ " 2  FORMAT   (SF16.3)  

Ic"(MTEST-999)3.9.l: •  
To CÄLITVIT  

-t 

STOP 

fL'ATA 

I H 

», 
.! 
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E. Plots of the Angle between e. and U" with explanations 

When plotting (^e., U") the rule to choose ANGLEP when Y was 

increasing and ANGLES when y   vas  decreasing could not be strictly 

adhered to. The angle y   could start increasing or decreasing 

without switching to the .thcr side of the e -S plane. In order to 

determine if the switchover actually occurred, the appropriate angle p 

had to be examined(ROWP for ANGLEP and ROWN for ANGLEN). A switchover 

from ANGLEP to ANGLEN when Y. starts decreasing should incur a smooth« 

change from ROWP to ROWN and similarly when Y. starts increasing. 

Another point to bear in mind is that unless (IS, e ) is quite 

small when a critical point occurs for y ,  then to insure a switchover 

from one side of the e -S plane to the other side the angle y   should 

have a min value fairly close to 0* and a max value fairly close to 

180*. This can best be seen in figure #22. The vector eA lies in the 

N, -N, plane and the min value of y   occurs when e , S, and e. all lie 

in the same plane. 

Still another point to bear in mind is that high detector readings 

may occur on detectors looking in the direction of sun sensor D even 

though (te., U") is a large angle. This occurred in revolution 480 

approximately S3.5k seconds GMT and the reason was that the detector 

was looking almost directly into the path of the sun as shown by the 

plot of (IS.e^) for revolution 480» If the detfectors in the direction 

of the sun sensor D are not looking into the path of the sun and if 

there are no reflections from the albedo as may have occurred in revo- 

lution 957, then these detectors should have high readings when (<e^, U") 

has low angular values and low readings when (fe., U") has high angular 

values. 

As one can readily see, in the following figures #23-*26, there 

are points which do not follow the general trend of the curves. These 

stray points were included in the plots to give- a complete picture of 

the data analyzed. The data listings for these plots can be found in 

the appendix. 

/ 
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 sä  
HEVOLUTION *80   6/A/66 "" 

Ubfc ANGLFP FROM »3519 S^C.1 TC 5?414 SECS.  AT f^A^r SEC^ SWITCH TO A\GLf.N SINCE 
"ÜM'KI ANP ROW^ INDICMf ^ fWlTC'i TO THf OTHER 51Df OF THE ER-S PLACE.  UoE 
MGLEN THKOUfiH SSBQfi SECS. 

ROWP ROWN A'.CLEP bANGLP ANGLEN RANGLN SUMPHI GMT 

46.462 

331.6^3   34?.680 
'314,209 
335.6?3 
3577547- 
3b6.7':!7 

TTTüHT 
4 * . H <? t 

K6.174 
1—fTTTT 

'■ '.';S4 
TT' 

^S3.826 
254.863 
262.046 

111.042 
102.941 

24S.958 
T57,059" 

lll.4no 4851'/.one 

91.9f!n   268.100 
51.10"   4FiF6iOOÖ 
92.7or 48'jfcy.onn 

4.91!> 
8.767 

i)5.739 
2,.?27 
14.275 
12.695 

."401        21:9.599 45.918        3747082        111.COO   48624.bfco" 
ill5        273.885 46.350    •   313.650        107.900   48655.660 

7?tl?l 
"■5T7B"0T 

f-4,5 5'} 

18,197 
18.2',.; 

21.47'. 
■T6.Ö05" 
28.939 

?95.441 

55.798 mm 
306.1*5 
304.202 
293.901 

62.110        297.890 

101.60"   48t-2.0O0 
102.fiO"1  4f 72 ?. ",ro_ 
96.200 48 rh;:.000 
92.600 AinitOCO 

TTT.rs1—rrrm—m^oi—STTöT?—swrwi—8i;.?rto 400^.000 
1?.133 60.306        299.694 62.147        297.853 87.500   4fif,6-.000 
i:.H7V 
14.?<»4 
■r6T?7tr 
13.889 

5 7.786 
55.206 

TITIST 
48.324 

302.212 
304,794 

36.372 

47,798 
"T17S1T 
56,676 
63,340 
70.858 

67.986 
Bi;2"6fi" 
ö1.566 

?7,24S 
■".n7^"2»r 
40.606 
48.415" 
56.611 

^oe.7ie" 
311.176 

61.101 
59.608 
57.285 
54.547 

-rsmr 
73.898 

-T2T97F" 
69.886 
65.53?" 
bl.746 
'hlTTTT 
64.21? 
37.1HP 
«0,993 
6 7.74 7 
63.654 

66. 169 

0.240 
miffir?— 
333.495 

44.649 
41.515 

32.643 
T37196' 
24.^65 

Mb.351 
'18.485 

TTTTbTT 
327.357 

50.^56 
46.129 

298.899 
300.392 mrrrr 
305.453 

84.500 
80.200 

316,415 

303,696 

22.277 

47.7'>0 

57.95'. 

58,126 

'•3 :■■ 1.604 
335.035 

337.723 

40.495 
14,959 

"3^.028 
24,964 

309.044 
313.871 

75.';0O 
74.300 

46ß=.7 
46928 

äl^.5o5 
325.045 

71.20" 
68.500 

312.210 
To).138 
'>0:.04A 

21.076 
19.601 

330.972 
315,036 

66700" 
60,900 

83,556 

a3a,'>24 
340,399 

58,700 
56.20r 

276,444 

292,099 
■73577770" 
2H5.098 

TTTTTr 
79.072 
56."7TTr 
59,819 

79.466 
Ha,Alt. 
89,199 

.■6,66f> 
r'.'1,874 

280.934 

79,4?4 
75.877 
TTrrrr 
72.288 

260.596 
284.123 

-7T77T4- 
69.723 

266.?3? 
287.717 

b4.2 00 
51.90" 

56.2J- 

ITTöör 
36.300 

270.801 

106,738 

lf.2.5C9 
TnrrTrrr 
164.741 

'53.262 

16.17^ 
62.378 

"5'J.032 
56.669 

209.766 
290.277 

297.622 

33.30? 
32.80" 

4oi;65 
46596 

■490?'. 
49065 
49102 
49135 
49T7" 

'4TÄ9 
452V••, 

51711 
31740 
5 19'5 3 
51964 

000 
ooc 
öör" 
CCj} 

.000 

.000 

.coo 

.000 

.000 
i"Ö"on ' 
.000 
.ore 
.000 
.000 
.000 

197.491 

195.259 

163.231 
164./5Lr 

300.966 
303.331 

TrtJTTTrr 
196V769 
195.^4 7 

STTfTT 
61.770 

■757296 
65.814 
577T21 

71.720 

rrrr 
.863 163.156 196.844 

161.935   198.065 

32.30.- 
30.200 
■n.4g* 
32.100 

33.800 
-^977^^ 
55.70- 

63.rCC 

52_21.000 
52o:-:.ooo 
TP^o.ficcT 
92121.000 
52I5S.0"r!T"' 
52169.000 

52257.üor 
52462.000 
525or,C00 
57r:r,r;oo' 
52566,COO 

I56.3fi2 203.618 
b :>, j * 

70,90 0   526 36, coo 
t075- 
oro 

000 
TOT" 
000 
(Tört"" 
000 
TTOfi- 

■00 

000 
'OfT  - 

54 
"57 
63 

"57 
7? 

777S- 
.850 

.041 

1*2.260 
lV5.b76 
?0y,732 

lb/,367 
150,386 

7077873 
209,614 

146. 11H •13.882 147.340 
TTTTTTH"- 
212.660 

84.10 
' 3o7o 
92.10 

r.  526677 
0 52772. 

528 
/7.3e.6 

1^8.822 
I6T,-0"?7 
2u4,416 

ISft.4J'»> 
t *   i ,     » 

1T7,- ' 

T4l,7B2- 
162,209 

"rnrrmr 
197.791 
TTVtSTi 
262.044 
rnrrmi 
.■'17.246 

TWfWB 
.^07,038 

156,446 
2«T»14r 
l4r,<,B9 

174,2'.)« 
T5 "z; 'TB" 
16 7.'.'. 7 

21J.00H 
203.554 

■195.4^8" 
211.r II 

-rn.r?-'- 
1H5.71;. 

-TTTriT.«" 

pj6.^r b^(>7;. 
103.50-1 52907. 
IflV./Oo 52?75; 
114.100   52971». 

148.600   532I-. 

TTTT^I: 

15'..6," 
150.^0 

■mvfn 
0   5«27fc. 
oTiin." 



116,51? 

lvB.'.70 

lOb.eb'' 
105.lie 

11C.Ü74 
112.ms 

117.65?i 

3^i'36'» 

li?.^6l 
104.477 

lb 7,TIP 
11K » 71 <t 

Hi1. 796 

155.540 
TU4.".■'''6 ' 
155.055 

<?02.662 
201.266 
201.025 
202.204 

163.360 
161.997 

204.460 

TTe.992 
158.169 

196.640 
198.103 

167.300 
170.50r> 

J64 

155.488 
154.6«6 

201.008 
201.a31 
i04.512 
205.314 

175.00- 
ITlilO" 
175.40; 
172.70^ 

8S?46«00C 
r?',.H3icoo 
5^4 14.000" 
5?4f-.ono 

1Ö1.571 
98.911 

93.131 
205.614 
204.945 

150.310" 
149.768 

S9.^n2 
03.705 

?8,'034 
30,436 

2a5.n51 

^rt5.ln!J■ 

3-7.340 
372r?87' 
322.132 

335,491 

36,095 
81.545 

331.966 
^29.562 

147.581 
146.923 

209.690 
210.232 

5fi.56H 
ss.inr 
23.478 

25.70P 
r7.689 

334.292 
332.311 

141.730 
136.3?" 

212.41«) 
213.077 

166.71- 
l65.6r>-> 

345.351 

354.73'V 
356.905 
354.986 

TSTSW 
19,536 
27TTir 
24,647 

"?-47irr 
25,099 

3 " . T 0 9 
62#3,»'i 
7V.98o 
74.356 

T4T5TB- 
75.f3: 

329.091 
297.605 
?S6;ol4 
285.644 

26.770 

27.536 

27.094 

"707516 
74.032 

■T4^s?:r 
75,617 

284.468 

134. ?■" 3 
116.737 

TÖtT. 8 3 7 
121.835 

111.842 

218.270 
■22 3j6_8_o 
"?r5.6"2" 
24 3.26 3 

■25 3.173 
238.165 

289.684 
285.968 

76.60 I 
76.174 

284.383 

281.826 

103.85i 
105.918 

^46.038 
248.158 

TöTTTvT 
102.959 

256.148 
254.082 

nnrro 
102.744 

2^7.458 
257,041 

257.256 

162.lr,r 
J58.J-.;p_ 

15 5.60- 
_149.5;^ 
wr^oo 
12 5.1.- 1 
ISltio-i 
ll y.^;-/.; 

TT 6', 13 r* 
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"lu.nr 
U3,7CO 

TTT'.öoc 
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105.900 

33461,000 
srv-iia.ooo 
Ysfv.'.ooo 
5 j5f<6.000 
5'7.M7.COO 
53n^4.C00 
5 3685.000 
53722.000 
53753.000 
':4rv':.-.op 
•:>4i2ftrooo' 
'■«. 159.000 
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'.4227.000 
'-4263.00Ö" 
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54429.000 
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TSTfTtüW 
54563.OO'' 

80.284 
TTTTirr 
74,106 

J7<},246 
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292,290 
285,694 
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SB.2^4 
91.807 

rwrmr 
259.223 

^71.731 
268.193 

354.675 
349.967 
49.0(15 
!)3.234 

17.173 
316.457 
322.551 

S3.45^— 
87.237 

T5T57F- 
29.^73 

2/y.b41 
272.763 
Tnrsir 
330.927 

97.572 

71,172 

267.453 
262JI426 

"2Sti.54t 
288.828 

105.600 
.02.600 
102.70:, 
-irr;:- 

47.500 

Toov.oorT 
5463',J.0OC 
= 4S(j,;.;:.oo 
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64964,000 
TffTSTZT 
12.424 

13.68S 
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"S3,542' 
62,85; 
62,144 
61,682 
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62,144 

2'57.!;6fl 
297.383 
2^?,»6 

9"! »400 
90,; o~. 

54999.000 
66030,000 

'•(To'eti.roo' 
55097.100 

T5T3J.öOO" 
55164.000 

TTTöTr 
17.666 
STrrr 

19.559 

"11.375 
12,989 
U.74« 
16,662 

^.631 
58,744 

300,3*9 
301,266 
302.401 

61,682        298,318 

TSTTPi 
21.223 
22.611 
24.610 

17,529 
19,344 

23.609 

66.057       303.943 
54.755 
53,098 

3Cb.250 
306,90? 
308,^4 
311.240 

&1,7?6 
60,794 
5^,177 
68.013 

29S,224 
299,206 

90,000 
90,0 
"67,;oo 
86,900 

300,823 
301,987 

67,100 
86,300 

fafc.113 
64,096 
51,576 
49,374 

303.867 
305.904 

86.400 
66.300 

Tilvv.OOO 
5523-.TOO 
"svtZ'r.ooö' 
5 5?2f''«000_ 
Tu?:12" .Too' 
55?f.3.000 

TüöSli" 
48,760 

26.093 
31,874 
36,028 

41,660 
"T5T¥8r" 
49.992 

"2T7^!r 
27.010 

■46.153' 
44.03! 

3O.0S6 
51575^5 
36,677 

315.8^7 
316.969 
319,194 
323,323 

4<,,427 
44,703 
42.553 
39,914 

306,424 
310,626 

86,100" 
83,600 

315,573 
315,297 

83,600 
85,500 

TrrTTxr 
320,086 

B3,rtiV, 
82,400 55430,000 

"5f)'4frr."6oo' 
65496,000 

655f2.00C 

31.392 
33.066 
35,öati~ 
34,668 

32,753 
.V?,266 

•75,634 
21,891 

—62,42^ 
34,077 

' ■"37;65T" 
25.613 

—TTT^Sl 
33.08/1 

2.610 
—BT575- 
337.971 

355,495 

I9.43C 
61,835 
45,^H'- 
98,8 74 

327,247 
330,734 
334,366 
338.109 

37,864 
36,482 
32,734 

322.136 
324.618 
327,246 

34U.W0 
306.166 

•T1'*.4B5 
261.126 
yprrm 

34,162       326,836 

TTV^So 
61,500 
'ti. TS'S" 
80,200 

Tzrnrr 
77,328 

326,B^/ 
262,672 
290,692 
306.697 

fnrou 
77.100 5 5 7(,2.000 

55829.000 

5r (■'r-C..0OO 

.1 

87,062        272,938 

53,303 

79,268        280,732 

TTTTTffi" 
76,700 

■7l,7i^ 
71»POO 

/ 
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ITTTÄNil.fP" FR"v  45C55   SECT,   JOUt'Tt   5FcS   Slf.il   KOt.P   lj   S^COTH   If.   ftlfZ   lTt> fCvAL." 

■*"äV.tTt.M'JV£^   AN£3   Int   USt   Of-   >.r;'..L».\'L".   rr^JS   lfjT-_KVAL   PSJOUCtb  A   ö*-JÜTHL'' vl-Vr 
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ROi'iP' RO*N "SiSutfP nANüLP ANGLEN HANCLN atNPMl Cl-.f 

TÄTüTT 

95.016 

lf?,799 

V?.^68 

'/8.336 
lor.'jffzr- 
118.22<. 

■iis.-'nrzr 
116.J65 

lll.i9<. 
T1Ä7TW 
171.'»'«B 

148.7^'/ 

210.145 
.no.120 

Trmw 
r/t.o«9 

22^,Ml 
■227i5fr 
230.'.6? 

15 *. t"1 ■.• 

if*»«»«? 
-T57vrf- 
150.70? 

133.089 

^U.4Pd 
?11.273 
"a)5.9B0 
«'"ft.l^l 

l'.6.?18 
144.727 
136,490 
139.256 

21 3778?        Jr. 3Dr' .,>. 5i,: 
ri5.?73 

?ffS«0|7 

13*.Ml 
133.5?? 

223.510 
220.744 

24.1?' 
25.lor 
2i.7or. 

220.689 
226.463 
234.041 

20.9'ir 
19. 

61.805 
~iT;4sr 
46.617 

3.26T 
39.675 

334,629 

—TTTPTT 
23.008 

VH,6U 
20J,298 
riTTTTT 
;26.911 
TJ5.3Ö5 
226.509 

64.269        295.731 
16b.2M 
86.531 
47,383 
28.972 

2730469 

18.tC* 

"T7Sm,WZ 
16".294 

154.268 

152.331 

37.675 
-36^51 
36.695 
36;453 
36.700 

TTTsrr 
2B.746 
31.9flT 
n,;o? 

"T«.-7^- 
36.700 

lbb,3tll 
154,156 

158.303 

160.185 

TTrrror 
199.706 

■:-0ö.637 
?05,732 

207,669 
.'0^,709 

26,C27 
23,428 

112.038 

312,617 
331,028 
3}3.f?S 
336,572 

17.6^O 

21.30r 
TtrsTfc 
25.80:: 

113.v72 
129.262 

TPJTWT 
139,997 
Ub,!>fl8 

3^,47<, 
247,962 
246.Ü28 
230.738 
22 o. JOT 
220.003 
2H.U2 
211.983 

203.571 
r4oö 

199.815 

^674^.^ 

TTTsOfl 
59. t")-' 

66.10' 

70.9:- 

45r25.ror 
45r56.0T 
•'.;:r-i.oo2  
"5!5T^Tcor 
45357.0C0 
'., 3fc8,nnc 
- -»24.000 
•.34V5.or3'" 
4=490.nco 

■ST^IT.ööc' 
456^.0^0 
4t-721.0?f; 
4585.^.000 
4 5flfl5iÖ''0 
45916|.rr0 

■•.4"5"i,cöö 
4 5981:. 000 
'••.6rS27o'co 
46113.000 
46148.000 
46179.0"i 

TTTTr./Töc '■ 
46245.000 
-«•27?; SCO 
46310.000 

46376.000 
■iTrrTTTi^n— 
46630.CO'J_ 
4Sf 6"57PO_0 " 
46906.000 
mwtftfsm— 
48974.000 
«rrrt s.oöö 
49C42,0C0 
ttcfi.wö'" 
4911 "'.000 

49178.000 

49719,000 
4,?7Dr,o'n'!r" 
49786,000 
<r?BIT,-7CG * 
49854,000 

205.644   I*8»?17 

201.697   136.425. 

177WI 
37.804 39.354 

160.S4Ü 
160.617 

TBTT755- 
159.730 

199.815 160*185 

198.967 
198.29B 
200.012 

91.M7r 
95.000 199.363       161.033 

-T7.-535- 
38.761 

■Jr7-.a37- 
42.049 

42.930 
"50.460 
52.179 

TTürm 
195.336 

-19U;9T2 
210.1B0 

"196.155 
191.883 

165.071 

184.811 
■"rr^;"3-o«- 

177.925 

161.03T- 
159.149 

110.329 

198.645 
200,270 
19«,9/0 
200,851 

161.707- 

159,968 

.'43,9/2 
249,671 

T5V*49fe 
156,667 
lil*Jb5 

"203,433 
<;2b,64b 

■fTJ'JOO 
99,100 

106,400 

130,676       229,322 

93,138 
107 »WT 
111,343 

^53,419 
266,662 

248,657 

iiO.796 
113,694 

22 r., 264- 
246,306 
J34,939 

122*619       237,381 

rmrrm 
118,000 
lTl.48ri 
112,000 

115,200 
ivi,a6i— 
197,828 

■T97,-95?  
135,501 

T7T7F«'0   ' 
159,933 

"1811,b4V 
186,884 

185,254 
•nrrm" 
159,682 

104,226 

113,535 
Trmrr 
132,77? 

255,774 

 14/.'18/ 
lu7.425 

—nrrrsT- 
12/,485 

13/.HV 
139.613 

|66.070 

T53.7feB 
246.465 
;,35,52g 
227,227 

113.512 
106,429 

^40,a/4 
246,468 

113*740       246.260 

54,627 
TTV,104 
305,373 

133,527 
132,952 
146,79b 
82,400 

226.473 
227,046 
?T5T7tT5 
277,510 

110,200 
106,3^ 
105,90'' 

TÜTTO^Ö 
102,800 
101.'JOO 
74,000 

TJTffSO" 
72,100 
TO,700 
66,50: 
6b,c';i.v 
59,300 
58,4^- 
56,^0" 

135,9«?- 
143,680 

■iBTVorrr 
179,826 

' b7"*7FB- 
73,207 

Trr,67i- 

TOO,234- 
286,793 
7/8,3/9 

TM*334 
108*263 
123,206 

2517558 
251.737 

89.982       270.016       123*349 

160.360 
1U';14H' 
183.368 
i r^rsw" 

107.163 
Tlb.lbb' 

752.637 
"7^3.834 

iJ/.5/b 
128.749 
125.46! 

23b./94- 
236.651 
TTZTSn 
231.251 
234.53'; 

•g9SRb.030 
49921.000 
C79?7■;T^Tt?,■ 
49989.000 155.752       1H0.553       104.570       755.480       127,000       233.000 



 faiiJÜH     ÜSJÜM      UäLtili      ^^o.feftT     m.uiu      137.Set,       lMätb&& ■ 

J.3.HS1        276.^31 

lc'-.iV7 110. «»'f 
P50.615 

*^3.7?6 

V9.990 

1 ] '..^ 3 7        2'•5.763 
11.71?        3<.8.788 

^76.001 U3.<.05 
l?b.v»rr 

216.596 
TTTTcTT 

l.?d.693 
127.B70 
TTötTTT 

38.12?        321.678 
93.7?o 

149.773 
12S.J04 

210.227 
231.7<56 

1?5.6<.0   n<..S?6   225.^64   132.461   227.539 
i o r .-TF?—ITJT^T^—rwrm—FTBrrn—nrnTr?—TTZTTST 

}22»*%3 1>. 0.647 

,:'8.877       121.937 
K 3.1(01    "tTttlTT 
U8.140        117.567 
1^6.173—nr.TTr 
1^5.397'      117.647 

141 
TAT 
147 

151 

nc.i?e 
~lo-9.-T 
iwt 

4 
723 

1^4.847        123.991 

114.757 
117.^7 
121.74? 

T52.4:o 

TF? 

Tr: 
15'* 

Tbl 
164 

.'. p.'. 

THtT 
.441 
■.4 7:; 
.3^2 
tnsT 
.«(40 

;T7r 
. .> 1 rt 

?3 8«»lfe 
rnrrfw 
212.559 
?oii7?rr' 
206.143 

136.5^1 
"TT7T4T3" 

2?3.469 
T77756T 

138.665        2?1.335 

20V.89.7 
201.151 

144.201 
146.013 

?ro,7«2 

146.697 
149,546 

215.709 
213.9R7 

164 
164 

.360 

.46j2_ 

.404 

198.640 
1,J6.540 

157.Öfl? 
155.P08 

213.303 
210.454 

TTTTWKi—rrnm—n^TTT 
1^2.214        127.9P7        163.306. 
1 :?V51? I7T7577 in*?H 
112.606       116.417        152.5'>5 
7i .-rrn-—w.zu—nrrrgir 
'/3.172   140.428   154.410 

Tr'5.134 
1,55.596 

1P3.967 
149.612 

204,992 

67,516 

]Q6.59' 

?07.60« 

.••05.590 

147.783 
146.352 

206.033 
210.388 

141.422 
Hfl.635 
149,377 
7^,37^ 

212.217 
213.648 
217.!3g 
218.578 
219.365 
210.623 
2Ö7.650 

126,502       233.498 
TTBTTTT 

63,490 
I5.!.av. 
77.074 

~£77V7T 
262.926 81,057 

*''JM.5!:U 
278,943 

■l'*.-,^?? 

.nnr 231.3^7 35.60:?   5''3r.3 
232.130 Iitl2i2  504?t>tpr>r 
233.268    '    32.4CC   504b';'.t: or" 

29.600 50491.CC. 
5 r 5 XI. 5Tr 
5C558»Of/C 
tr.5^3,ror 
fffci4»foc 

28.700 
-rr.vör 
2?.3ni 

'1^.300   5'rfc'' 
19.10^ 

T£^7soö■ 
18,405' 

TT.8C0 
12.7Cr 

9.9^0 

5 ^ 6 '• i»(* o n 
5i,72 7..*ir'-. 
|o75t«oor 
;• i iv 

"3737? 
5.60^ 
5.30C 
7.70" 
9.oon 
9.70C 

12.900 

2.200 
TTTSTTT 
23.700 

50.092       318.162        i27.?40       232,660 53,085       306,915 

nrrror 
68.100 

"n.Tio 
52.6cn 

3.CO0 
5082«,OCO 
5 0S6-.r,on 
50691,000 

' 5'n * r c.. c r'c 
5r/57.000 
rir5'3.ccr 
5JC9r,.oo£ 

"51125'i0C0' 
51156.000 

■5lT57:ööö"' 
5122 3.000 
5'1759.ooo" 
51290.000 

Tr3?6.000 
51392.C0C 

514 561.300 
■5I*l7»Wft* 
51887.000 

1! 

I 
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i St   ANr-LTN TO   ftfiHFg   ! 
RfAL   TIME      1236 

ilfH  nrTffTQR   RFADINGS 
6/2fl/6< 

• 
) 

KOWP ROWN A«ltP BANOLP ANGLEN RANGLM SfJNPMI Gi T 

335.473 339.321 :,ni>.flB6 ?34.114 122.909 237,091 98.400 6lr3l.orr 
J27.626 333.11» 

332»?62 
137.332 
'■ ' ••. 7 14 

222.668 
?.',3.2Pf 

133.20*. 
131.^95 

226.796 
22R.105 

101.2nr 
lC2f200 

8ll63,00r 

:-26.e?i 337.000 
339.604 

PO.775 
U :-.'0'' 

229.225 
2'il«Cöl 

122.H67 
117.665 

237.133 
242.335 

1C4.2O0 
106.60" 

BI'ÖT.COO 
8ti'/(.r,roc. 

322.531 
319.705 

342.290 
346.096 

!2ä,94B 
129.560 

231.052 
230.420 

113.038 
107,866 

r4ft.962 
252.134 

109.600 
113.ICO 

B2r' l.TO 
c?");-<".ooo 

315.814 
3^,07« 
299.416 
206.71? 

349.OOH 
^,J6.,4H I '• 5 • ^' ? 

228.049 104.342 
T7.147 

155.658 
?6.?.*>53 

111.40- 
UftJO'' 

12065,00(5 

6.544 
37.376 

1;.1.0'.'6 
lt'->.(lS,?4 

216.904 
.■■0''.376 

86.S25 
M.21' 

273.175 
301.783 

115.'>""! 
H7.4r-' 

^:ir'-.ooo 

• 

I St   ANGLFN TO  AGREE  '.- 
k£AL   TIME     1237 

ITH  Jl-TECTÜR   REAlMfiGS 
6/29/66 

AiMU  TO PHOOuCf A  SMOOTH c-c; CiE   FKUM 
P^AL   nüH   12?6 

ROwP ?ÜMN ANSTP bANOLP ANGLtN ?ANGLN JviNPHI GK:T 

i9.24Ö 
50.198 356i98o 

'i.'tOb 
3.106 

3t0.59i 
351.ß94 

b1.769 
52.443 

308.231 
307.557 

64.60" 
63.100 

nrv.ooo 
1J40.000 

53.492 

56.24 3 

356.l^ö 

355.123 

l'fTffT!! 
4.rl47 

300.9?? 
^55.153 52,599 

254.6*1 
307.401 

l3»U80r :.: .'.oor 
14«6»000 

-.C7l 
H.710 

?J2.^5 
^51.290 

•33.ü1?' 
54,260 

30(,..4^7 
305.720 

CO.')'"' 
»«»800 1477.or-1 

57.8M 
58.145 3^4,39f. n.574 

^'5.318 
148.42(S 

55,l^2■ 
54,973 

3oA.85fl 
305.027 U.IO'' 

■■lfö"9.oöb"' 
154'-.roo 

69.333 
3b2.1?i 
35?.lfi7 14,C51 

'147.i3t 
345.949 

55,5i6 
55,613 

304.464 
304.387 

b7.^oo 
57.200 

1571.OOC 
1602.000 

57.92(i 
56.717 

3?> (3.917 
348.356 

14.377 
15.340 

Ui,.623 
344.660 

55,185 
55,157 

304.Sli 
304.943 57.100 

"~l6"*.0O0 
lf.65.000 

54.824 
347.^8!) 
345.499 

15.617 
16.936 

H4.363 
343.064 

53,800 
53,334 

366.IJ2 
306.666 

57.430 
56.900 

16^7.OÖC   ' 
1728.000 

54.008 
U2.74(» 
344.07« 

18.3» 
19.324 

341.636 
340.676 

52,363 
50,713 

56?.61/ 
309.287 

^.600 
56.70' 

iTbCi'cca 
1791.000 

!>1.223 
51,787 

V.2.510 
342.990 

20.112 
21.18/ 

339.666 
338.813 

48,ü03 
47,625 

311.197 
312.375 

57.40c 
57.400 

■l62"j.OÖÖ   " 
1654.000 

50.p0^ 
340.853 
■)41.906 

23.J1;?1 

25.V7H 
336.7fil 
334,022 

Ab,023 
44,321 

313.977 
315.679 

57.5ÜG 
57.300 

"ISto.'ÜÖC 
1917.000 

118«411 
157,§48 247.060 63.832 

195.649 
296,168 

8ö.2!.l 
126,221 

279.749 
233.779 

45.160 
48.800 1988.000 

. 

, 

7 
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■JC ANGUFP THROUGHOUT SIHCK SUNPHI DID NOT INDICATE A SWITCHOVCR  «NO  ROWN   IS 
'.M   "rMOITn iT  IH?  PfPW rRW 78U SCC5 Tö 9S95 SfCI« 

RC'wP ROwN          A'.fLP?        BANGLP        ANSLEN BA^ltL^ '     ilHPHl      Ct'.i 

'.■).4C9        3^9.177 

'uTIQ        ?53.6!>2 

1C-.237 250.763 
lib.167 
139.057 
143.7A4 

220.943 

<.C.57a        356.6?4 
Tnm—nftifg 
19.359       3,'%Slh 

U.ftfifi       ??6.ri8n 

i:i.l57       238.P43       150.093       209.907 

TTTTOT 557.751 
15.401        341,137 
13.713 

m .y'.'2 
m.7?o 

TTbTTTT 
l.->7.')07 

l^.f,*,« 

TITToöc" 
228.2P0 
?33.6Jfi 
232.093 
fttTrftr 

153.153 
158.r51 
162.440 
160.S92 
158.H49 

TfSTilT 
132.702 
133.343 

225.35?   160.501 
TTTTITT 
227.298 
J26.667 

1^.636 
153.656 
hffTün 

206.847 
201.949 
•197.460 
199.108 
201.151 
199.499 

56.200" 3495.7 3t' 
58.JC0 3526.736 
58.400 35&9.880" 
61.700 359^.830 
65.200 
67.^00 

203.164 
206.344 

3624.231 
3655.231 

■?6fcö.42o' 
3719.420 

68.800  375^.59B" 
72.300  3783.596 

65.400 
67.700 

73.100 
74.400 
7i.0ÖO 3A2.694 

348.539 

•0616.487 
3647.487 

13.542 

'^.293 
~5?.SÖ6 
352.405 

133.739       226,261        147.834       212.166 
~n"6.60l 
136.'»49 

223.39* 
223.051 

Ui.oio 
146.046 

213.950 
213.954 

78.600     3911.315 
82.100 
82.400 

3944.047 
3975.047 

2C.266 
2T.5ST" 
19,115 

Turm 
22.294 
71-725?" 
23.383 

12'/.002 

1?9.H98 

22B,&42 130.489 229.511 6S,50o    4o72.129 
230.998       129.653       230,347 91,00?     4103.129 
327.51« TTTTTTS ^S.422 re79Tö~"4l 36, llT" 

92.300     4167.129 
134.794 225.2Ai 94.6ÖÖ    ulSr.^fTT" 
134.550       225.450 94.700     4230.917 

mm 
16.115 

^.474 
?c.954 

PffTtfr 
129.657 

230.102       131.982       228.018 
229.64«, 
?30.343 

14.43^ 
16.474 

TV. JVC-- 

u.esi 

15.TOO 

26.559 

34.065 
J6.436 

17..fr?/ 
132.6?3 

TTV.-BTT 
13v.V4C 

230.373 
227.377 
TFSTtn 
220.060 
21/.414 

138.600 
144.147 
151.121 
Ibb.Orö 

223.3» 
221.400 
215.fl53 
208.879 
203.930 

96.300 
95.000 
93.200 
99.900 

101.700 

4261.637 
4294.637 

"ilT7.Tfir 
<»?56.2i<. 

"4 3«-.TSV 

16.^6 
14.522 

9.4?9 
' T0;f6«" 

1C.C55 

347.192 
345,410 
339,206 
33C,325 
313.487 

■75B;n4 
35.427 
T7.B5» 
10.132 
'7.873 
3.274 

37,549        146,?H5        213,715        160.897        199*103        101.800     4421.783 
H.446 
37.601 
40.672 
4C.660 

14Ö,H,?6 
145,-«22 

213,674 
214.678 
216.069 

160.93^ 
162.680 
166.790 

199.061 
197.320 
193.210 

101.IOC 
102.900 
107.100 

4454.144 
4485.144 
"4565TB72-' 
4611.622 

141.931 
140.875 

—r.rrr 
.177 

"355 ,'877' 
355,613 
358,9?)5- 
359,365 
 ffSTtfr 

6.42<* 
Tr.474 

Aft.ll^ 
41,026 
30,161- 
28.944 

S,4"* 
24,004 
^;T9Tr 
14.272 

141.921 
141.005 

219.125        167.361        192.639       107.900 

TOTTTTT 
107.396 
nrj.703 
102.673 
"Tsrnr" 

90.276 

;iH.ft79 
218.995 
2V1.263 

168.410 
169.905 
145.691 

191.590 
190.095 
214.309 

107.20? 
108.60r 
112.40r 

752.604   145.720   214.280   112.60*) 
«3.297 
257.327 
261.679 

144.154 
145.414 
146.963 

215.ft46 
214,586 
213.ri57 

112.583 
78.786 

47.837 
ISiOW 
36.809 

63.154  ' 
92.00S 

91,983 

93.465 

269.724       151.022       208.978 

31.099 
"ITTTflr 
26.032 

91.305 
87,490 
77,S7r 

296,046 
266.992 
262.993 
264.017 
"262,859 
266.535 

B2.302 
108.988 
Il9;i82- 

277.698 
251.012 
240.818 

T1Ö.74C 
111.600 
111.700 
110.500 

121.147   238.853 

268.695 
272.510 
282.424 

119.323 
118.920 
116.637 

240.777 
241.080 
243:363 

ilO.Bflo 
110.50^ 
llö'Urto 
110.000 
106.200 
107.700 
106.90(l) 
105.700 
107.90.^ 
105.600 
103'. 3G0 
103.300 

~4T44.oll 
4675.011 

5 30 7.108 
■51139.501 
5370.5O_l_ 
5402.699 "" 
3433.899 

"fi4'6'6'r4"5^ 
5497.469 
55'3"0'. UÖ'"" 
5561.140 
ssti.iar" 
5624.527 
5656.987 
5687.987 
5-72T.474- 
5751.494 
r.7fl3;^r3 
5614.913 

112.057       247.943 

71.207       288.793 
"26.150- 
26.398 

T97Trr 
^■8.118 

TTTtm 

96.P46 
116,72/ 
119.261 

TTTT 

;/V.4B2 
261.154 

240.739 

106.919 
98.123 

TffTTBTü" 

253.081 
261.877 

119.118   240.882 

138.662 
226.642 
221.338 
214.156. 

102.7CA 
100.800 

TOTTJUr 

551o.9bl 
5941.951 
5974.351 

f 
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6,'4 01 

9.170 
fTTFS 
6.249 
77947- 
b . 5 19 

"5.7*7 
6.738 

5C.212 
^?.60^ 

<.,9.482 
26.^62 
STJTO 
26.334 

-?3.?4l 

1 ? 3 » f> 1 H 
 «4."01 

1 r f. >" 4 ■' 
IT-. w' 
1?8II42H 

22.511        130.?U 

ÜTTTR 
2.493 

217989 
2C.912 1 -.1; . 1 7 •> 

.•,36.9P2 

.•'7 5.700 
''27.2^4 
.•-'31.157 

" 231.316 
231.572 

" ^9.574 
^29.767 
728.717 

14 4.73 5 
63.601 
95.216 

144.410 
nrrtttg 
145.313 

' 143.069 
143.25B 
rnttn 

215.265 
296.399 

101.90n 6^05.351 
70.30''  ^31^43.'. 

98,700  frlr^.BAr 
99.30'  ol31.84r" 
100.000  6163.909 

,:28.877        141.184 
19.«.17        D'.•'. rÖT        ,'30.193        137,0C6        222.994 

■33.402        134.]r?     •225.fl98 18.564 
6.C13 
5.« 19 

1 f.TH 
: 7.655 

1H.C06 

17.478 
16.511 
17.727 
17.723 
18.»TT 
18.117 

126.c93 

l?4.;v(7 
122.^fc' 
118.783 

? 3 4.991=; 
235.'153 

130.C74 
128.176 

264.784 
215.590 
214.04<* 
214.667             __ _ ^   , 
216.931           97.600 TiV", 9 5 .' 
216.742           96.400 6^27.27r- 
216.469           9fi,000 6f5bl2?fl 
218.816           97.30.-; fi2V.'.. 7o«. 

95.^)00 6itl.704 
97.80^ 6417.802_ 
9 5. Mr f44F.S0?" 
95,20'' fi4?,1.456 

229,976 
231.B24 

13.267 
18.110 

18.341 
18,269 

11 /,0/5 
114,41^ 
112.24^ 
106.142 

237.750 
241,217 

245,586 

122.4R2 
na.fiia 
117.145 
11«..468 

237.518 
241.182 

93.900  6512,456 
91,00;.: «6545,017 

242.855 
245.532 

92.900 
91.5ro 

247,755 
253.858 

112.280 
106.220 

247.720 
253.780 

90.700 
92.200 

17.817 
17,898 

17.873 
17.951 

101.«11 
101.'>.'0 

258,163 
258.530 
265.5PR 
'68.931 

101.860 
101.495 

253.140 
258.505 

90.60-. 
90.600 

657b,Cl7 
6608.429 
66 3^.429' 
66 71,6H2_ 
670^.882 
6735,263 

17.120 
343.33ia 
343,i?7 
341,14? 

19,826" 
19,120 

17.049 
343.322 
343.196 
340.98«? 

547412 
91«069 
"90.^7C' 
"8.594 

94.376 
91.075 

265.624 
263.925 

269.630 
261.406 

•JO.336 
98.661 

269.664 
261.339 

14.268 
14.75H 

88,700 6766,263 
69,40 0 _67<:■ S,fa33 
90,60 1* 6Sll»t'6*33 
87,9^0  6c61,979 

.••65,449 
'64,917 

92,960 
94,050 

267,040 
265.950 

87.200     6592.979 
87,'O"     69^5.404 

'20.476           12.730           95T7^V        2b4, 211           TZTTs! 265,619 66,100 6S!l6,404 
19,533          13.974          92,Fil7        267.183          91,825 268.172 87,200 69fc6.762_ 

9 3.715 266.235 66.400 7019,762 
8.795 351.205 88,90') 7C54,255 

19.603 
209.526 

15.633 

12.412 
2S6.699 

94.404 
t',802 

2'/O.V44 
13.192 

6.91») 
94,''01 

265.556 
353.198 
353.082 
765.099 

6.430        353.570 
95,019        264,q°l 

90. 3C'"     7005,2'-5 
BJAIOQ     7115,493 

16.308 
18.235 

;0.633 
11.2<53 

18.633 
16.224 

T8,546 
17,270 
IH,9A1 
18.'68 

7.198 
8.515 

97. M? 
83.^0| 
S4.oT7 
85.411 

26 7.1*67 
2 76.209 

93,451 
34,488 

265,549 
275,512 

275,913 
2 76,621 

86,'5ll 
35.461 

273.489 
274,^39 

87.:GC     7146.498 
86.60'-' __7llii.127_ 
84.600      721(1, 12'V 
86.400      7242,829 

18,157 
24,207 

25.769 

5,706 
9,^69 
7.0ÖÖ 
5.984 

T0775r 
5.335 

--rrrrr 
9,924 

P',.7t5 
75, ^U 72.^IT 

279,235■ 
2t4,489 
;b?,443 

34,549 275,451 
78.458 281,542 
7t,5b3  

71,227       238,773 
TftTSOO 
5F. 176 

47.27/ 

^3.5oo 
301.824 
^05.978 
312.721 

76.476 
283.147 
283.524 

4^.556 190.44/, 
67.229   292.771 

26.075 

32.215 
377?rr 
29.803 

Trrrrr 
14.282 
nnrftr 
i6.n«o 
TTTfir 
17.884 

vi.'M—nrrrcrc 
55.187 
W7TO 
44.2 38 

-TTTETTT 
27,787 

'^.152 

304.813 
WFTm 
315.762 
JJ6.34t) 
332.213 
333.BIS 

84.TO" 
85.900 
84.5r0r/ 
84.100 

81.40C 
"l2i4Brt- 
82.HOC 

7273.829 
7306,57S 
7337«5/r 
737.0.309 

7434,103 
"Ttsirrnn— 
74^7,938 

srrrp—TTSTTTO! 
37.753 

"?4.vi0^- 
15.7'5 

322,247 
-TW???! 

744,?45 
'557975" 

84,100 
82,if.o 
81,100 

7561.761 
"7577.711- 
762'J.,497 

14.S54    ■'45.146 25.369   334.631 63.300  76f.6.930 
JÜ.J01 
32,403 
T3T7TB 
35.572 

18,015 
n,r)85 
16.260 

J i.hH'. 
12.192 

Trnrrs 
12,224 

nt.'Jtb 
347,808 
J4H.356 
347.776 

«lb.3Sb 
26,507 
J8,41V 
30.911 

333,493 
JJUbbl 
32'-,089 

61.400 
"tf.'SBC 

30,979 
' 16.526 
313.76) 

"T51 
87. «;'7 '72.673 

■32,.<Vti 
111.981 243,019 

77TTi » j o 
/752.193 
77RT.1 7T" 

77.60.'     7»)15.474 
«46.4 74" ■77.rr- 

7?, ;c.- 95»' .632 

24.039 354.127 94,■»70 265.610 115.940 244.nfo 

1    «4." 
75.-0, 

ve.i-o.feJt 
965-'.4t5 

23.r5M TWTfW ,?6, fW "'t^.T^  " 11 Ti*m «•■*,:•  ' t' h w.sr,." ■ R?  .'.^^ 

>. 

/• 
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2i.r7,? 
21.IS? 

35.'.. 150 
355*274 

111.194 
10'. .744 

2 55.806 
255.056 

245.757 

120.464 
122.031 
12*.ÜT- 
128.337 

239.536 
237.169 
234.673" 
231.663 

77.700 
78,100 
79.400 
81.800 

97^.337 
97^4.337 

n:6?3 
12.608 

J53.rtz 
35-».«»89 

lO',.U7 
114,243 

97!-7. 166 
S61P.166 

g«T58 
.309 

3l!".BB7 
351.786 
331.904 
3c'9.850 

'     :<l.r-47 
128,030 ;31.170 

I3 1.'.b6 
135.670 

1   He.SIT" 
2.24.3 30 

64.700 
86.500 

965C.065 
9861,865 

331.OSO 
I J4.h68 
Ht9l6 '23.084 

3^4.681 
329,550 

138.447 
36.233 
36.204 
34.261 

221.553 
323.717 
323.796 
3r5.739 

88.200 
89.40-; 

1714.632 
9945,63^ 

329.14« 
321.^2■1 

330.948 
?:,9.524 ". ,4feC 

90.9n 
9?.d■■;', 

9';75.266 

I!!?!1!'« 
312.^Pfi  • 
350.050 
350,073 

JJ7.754 
324,643 

12.423 

i?:.77ö 
r3.<i2'; 

14'».''HC 
147.',7b 

•j?2.2eo 
-»Sft.OTl 
210.020 
' 12.422 

32,489 
29,966 

137,781 
133,43« 

327.511 
•330.034 

,   222.219 
226.562 

94,900 
96.30.0 
97.600 
99,600 

10041,1'&l 
I 0072.o81 
101Ö5.413 
1 "; 1 ?6 . 4 1 3 

352,905 
.252 

^6.665 
23.636 

141.846 
134,154 

.Ma. 154 
225.846 

12V,423 
124,899 

232.577 
235.101 

102.50C 
101.20" 

rni69,iT3 
10200,119 

1.058 
.704 

-JT.lbö 
28.992 

Uö.S'SS 
128.819 231.181 

122,612 
121,715 

237.3Ss 
238.285 

102.HÜO 
1C4.000 

unilnl 
lr263.928 

.521 
358.969 34.1IS 121.080 

,•36.395 
238.920 

lid,59) 
117,728 

241.409 
242.272 

105.400 
107.710 

1C2':'6.777 
103:7.777 

356.12? 
359.984 

34,73-5 
34,150 

120.C51 
115.960 

229.149 
?44.040 

110,347 
117,547 

241.653 
242.453 

108.300 
107.200 

ir36C.833 
10391.633 

355.824 
HilSfl 
37.446 

Tf.ftT^  
.36.753 
39.208  ■ 
38.847 

110."99 
747,428 
249,001 

117.614 
117.690 

. 242.386 
242.310 

109.100 
UC.bOO 

104^4,«68 
10455.568 

355.J76 
355.587 

lOS.«!^ 
109.150 

250.195 
250,820 

119.682 
120.885 

240.318 
239.115 

110.700 
109.900 

5' :öfl.521 
10519.521 

33^.410 
353.134 

10^.200 
109.035 

252,710 
250,965 

121.079 
122.913 

*  238.921 
237.082 

112.600 
112.200 

10552.547 
105^3.547 

3ill.Oi6 
348.397 

U.Öl? 
42.64V 
«•1.69 a 
41.s«55 

105.994 
2i>l,4j7 
254.006 

126.te!. 
127.282 

233.415 
232.718 

114.000 
115.800 

10616.650 
10647.650 

351.434 
351.231 

iTll'Ui 
110.856 

242.772 
249.144 

lii.oei 
134.104 

227.919 
225.896 

114.200 
114.000 

10600.718 
10711.718 

3190.961 
350.738 

;3.2öi 
43.791 

113.foS 
115.006 

246.4$) 
244.994 

137.061 
138.739 

222.939 
221.261 

115.400 
116.100 

107^4.665 
10775.865 

352.414 
44.'!!*^ 
45.074 
U.215- 
44.290 
43.897- 
44.416 

113.l6C 
125.?77 

241.^40 
234.223 

143,560 
149,439 

216.440 
210.561 

116.700 
117.000 

10809.045 
108 40.-14 5 

354.210 
126.673 
126.456 

233.327 
233.544 

152.183 
153,895 

207.S17 
206.105 

lli.äoo 
115.800 

10673.140 
10904.140 

35^~.n24■  ~ 
353.517 

l'Ji.I^Ö 
125.422 

S33.6'Ö4 
234.578 

m,g49 
156.254 

2o5,l&l 
203.746 

m.?oo 
116.200 

10937.273 
10968.273 

. 

• 

• 

7 



71 

SID    0?17 
»TCP 
»ALL 
SIBJOB 
»IPFTC PGHFVA 
CEGHEVA 
C 

PROGRAM 

MARCOTTE    FGHFVA 
TIMFsOZtPAGFSsl") 
CONTINUE 
OLOGIC 
LIST»RFF»DFCIC.Srf) 

F3 

C 
c 

c 
c 
c 

1 
9000 

c 
c 
c 
c 
c 
c 
12 
112 
C 
C 
c 
c 

c 
c 
c 
9 
100 

c 
c 

92 
93 

91 

SHUVEt NEFOS FCTRAL. FIELD 
FPOCH CORRECTED FIFLO VS. ALTt 
DIMENSION A(1000)*G(30t30)*HO0i?0)*FMTn?) 
1«T6(30.30)»THI^O.?0J«GC0RP(30*30)»HCORRno»^0» 
COMMON HCORB  « GCORR 
ICT1ME «3. GET POSITION 
TIME e TIME DIFFERFNCES IN YEARS 
KTIME»1.2 CODFFS ARE FOR MAIN FIELD, PATE OF CHANGE 
LOUNT«50 
PI«3.U159265 
PIDEG«5729.57795E-2 
READ (?.9000)KPROG.NDUMMV.C0MULT»KTH »KTIMEtTIME 
FORMAT<2I4*E16.6«2I4.E16.fl) 
KOIJNT»0 
R?«0.0 
GO TO (12.12.2010).KTIMF 

NDUMMY IS NO. OF COEFFICIFNTS« 
COMULT IS A MULTUPLIFR FOR COEFFS. 
KPROG IS 1.  A IS NOT MODIFIED. 
KPROG > 3  FOR SCHMIDT A.  KPROG « 4 

DO 112 Kel.1000 
AIK)>0.0 

COMPUTE N1.M22.M1, FOR FBASICi  NTOP 
SET OF HIGHEST DEGREE.  NEXTRA IS NO. 

<PR06 =?i  A«A«COMULT, 
FOR VEST INF TVPE (N^SCHMJDT) 

IS   NO.   OF 
OF  TERMS 

TERMS   IN COMPLETE 
IN   INCOMPLETE  SET. 

15 

OOO0FL«SORT(FLOAT (ND'JMMY+l)♦.01) 
NPART«OOeOFL+1.0 

READ IN COEFFS.  A10.A1]«PH.A20.••••*• . 

READ (5»100MFMTm.!»1.12) 
FORMAT(12A6> 
READ I5«FMT)(A(J).J«l.Nr)UMMV) 
FIND MODIFIED COEFFS. 

GO T0(17.92.91*91».KPR0G 
D093 LL*1.NDUMMV* 
A(LL)«A(LLI*COMULT 

60 TO 17 
1-0 
N>0 
AA«2.0«(SORT(FLOAT(NDUMMY))fl«0»*1.0 
KK>AA 
D010000 Ks3.KKt2 

H9H*l 
D010000 J>1.K 
t*t*l 

M > (I - N»»2 ♦11/2 
IFIMt 1002.19.16 
FACTOR «FCTRAL (2»N)/C2.0»«N«rFCTPALCN)»••2) 
GO TO 1* 
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\f>   FACTOR   rFCTR4L<2»N>/(?.0»»N»FCT«?AL(Nn»5»ORT»?.n/(FCTPAL«N*Mt#   FrTR 

lAUN-MH) 
14 GO  TO  (1007,1010tl400'»1«002N<PROG 
14003 FACTOR   »FACTOR  «  COMULT 

GO  TO  14001 
14002  FACTOR   »  FACTOR  •  COMULT   /FLOAT(N) 
14001   AdlsFKTOR  *A(I» 

IFf l-NDUMMYn000n»17«llll 
10000     CONTINUF 
17 IXsO 

no  2000 NX«2tNPART 
DO  20P0 MX»1»NX 
IX«!X+1 
IF(MX-n2001 •2002.2003 

?00?     GO   TO   «SO.SH.ICTIMF 
90 G(NX*n*A(m « 

GO  TO  2000 
51 TGJNX»1J»A(IX» 

GO  TO  2000 
2003    GO  TO   f52«53J.((TIMF 
M TG(NX.MX»«A(TX) 

IX«IX+1 
TH(NX(MX)>A(tX) 
GO  TO  2000 

52 G(NX«MX)»A(IX) 
IX-IX+1 
HlNXfMx)>A(tX) 

2000    CONTINUE 
GO TO 1 

2010 00 55 JJ«1«30 
00 55 KK'ltW 
HCORR(JJfKlf)«H(JJ«KK)+TIMF»TH(JJiXKJ 

55   r,r.0P*tJJ*KK)*6(JJtKK)*ll¥E*JT,UJ**K) 
12010 READ (5»7000) CIMF,AUNCH»THETA«PHr«HEIGHT 
7000 FORMAT l2F10.4«1(2XF8,4n 

HEIGHT»HEIGHT»1«85325 
IFfCIMP-99999.016001.4002.2001 

4002  COUNT«KOUNT 
SSOR«SORTrR2/COUNTI 
WRITE (6.5005JSSOR 

5005 FORMAT(E16.S) 
GO TO 22 

6001  CALL FlELO(THETA.PHI«HEIGHT.NPART«X.Y.Z»Ft 
rOUNT«XOUNT+l 
HFLL«SORT(X»X*Y»V> 
ANC«PIOEG«ATAN»Aes«Z/HELL)l  • 
IF(X)500.501#502 , 

500 0«SIGN(PI.V)-5IGNIATAN{Y/X»»Y) 
60 TO 503 

501 D«SIGN(PI*.5»Y) 
60 TO 503 

802   D-ATANCY/XI 
503  D»PIDEG»D 

IF(LOUNT-50) 1012.1011.1012 
1011 WRITE(6.1013) 

LOUNT«0 
1012 WRITFff.llO» THETA.PHI.HFTGHT.X.V.Z.HFLl «P.O.ANC.AUNCM 

PUNCH lll.THFTA*PHl.HEI6HT.X(YiZ(F»AUNCM 
110 FORMAT(2F9,4,1PB16.«»-2P,'F12.3.0P2F12«3.F!2.4) 
111 FORMATJ3F10.3.-2P4F10.3.0PF1O.3I 

LOUNTeLOUNT*! 

I 
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CO TO 1?010 
100? CALL DUMP 
10P^ CALL fH/MP 
1007 TALL DUMP 
1010 CALL f>UMP 
1111 CALL PUMP 
?001 CALL niwp 
1011 FORMATfl1?Hl F. LAT. N LONG»     HFfGHT 

1   OOWN z HORTZ   TOTAL INTENS. 
KM,     NORTH X      FAST V 
DECLINATION INCLfNATFON T A 

2FTFP LAUNCH» 
??.  CALL FXIT 

STOP 
END 

SIBFTC FFFLD  L IST.PFF,OFCICt.<DO * 
«URPOUTfNB FfeLnrOLAT»DLONGtHGT«NMAX»«?N«HF#«VfP> 

C    FARTHS MAGNETIC FIELD USINP ANY SFT OF COEFFICIENTS 
DIMENSION Hr30»30»«6(10i3O).P(30»30J«DPn0t3OI»CONSTr3O»3O».SPn0J 
l»CP(30».AORr30) 
COMMON H»6 
IF(CPm-J.0»l»2fl 

i        p(i»n«i.o 
Dpn*ii*o*o 
spni>o.o 
cpm«i.o 
DO 4 M«l»30 i 
DO  3N«1.2 

3 CONST(N»M».0«0 
00 4 Nc3*30 
FM«M 
FN>N 

« CONSTfN.MI«(fFN-2.0>»(FN-?«0)-tFM-1.0»»(FM-l,OM/(IFN*FNI-3.0»/(<F 
1N*FN»-?#0I 

2 PHf«0L0N6/57«?957795 
AR.6371.2/16371.2+HGTI 
C«SIN   fDLAT/57#2957799> 
S«SORT   (1.0-C»CI 
SP(2»*SIN  (PHI) 
CP(2»«COS   IPHIJ 
AORfl).       A»#AR 
A0R(2»» AR»A0R(1) 
00 i  M>3*NMAX 
SP(M)eSP(2>«CPfM-lI+CPIZJ^SPIM-II 
CP(M)*CPf2)«CP(M>l)-SP(2)*SP(M.n 

9 AOR(M|> AR»A0RrM-l) 
«V»0, 
BN-0.0 ' 
BPHI«O,0 
00 6 N>2tNMAX 
FN«N 
SUMR>0.0 
SUMT>0*0 
SUMP>0«0 
00 7 M.ltN 
IF(N-M)8«9«8 

9 P(N»N)>S*P(N-ltN-ll 
OPrNfNMS^OPfN-lfN-n+CPrN-ltN-l) 
GO TO  10 

0 PIN.M».C»PIN-1»M)-C0NSTIN.M)»P(N-2»M| 
0BIN.M|.C«OPIN-l,»«)-s#P(N-i,M)-CONSTINtM|*nP(N-?iM) 

10 FM>M.) 
TS«GfN,M)#CP(M)*HrN.M»»SPrMf 

i! 
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■;;UMR«SUMR+P(N»M)»TS 
SUMT«SUMT*DP(N»M)»TS 

7 SUMP»SllMP+lM»P(N,MJ»f-r,(N,Ml»«;P(M)+H(N»Mt»CP(M) I 
PV«PV+«OR{N)tFN»SUMR 
«N"RN-*OP(N»«SUWT 

A RPH1»PPHI-A0P(N»»SUMP 
RF.-PPHI/S 
R«SORT   (flN*RN+RV«PV+BF«Rr» 
PFTURN 
END 

«1PFTC CFTRAL     LISTtRFF.DFCK.snD 
FUNCTION  FCTRAL(IC) 

5   1FJK»?000.1«2 
2000 STOP 2000 

1 rCTRAL«1.0 
RETURN 

2 !F(K-l)?000«lt3 * 
^ PRO0«FLOAT(K» 
O000FL«PROO 

4 O000FL-O000FL-1.0 
f !Fr0000FL-l«0»2e01f7tl0 

2001 STOP 2001 
7 FCTRAL-PROO 

RETURN 
10 PR0D«PR00»OO00FL 

GO TO h 
END 

SOATA 
?    A«    -1.R971P26E-06       ?       ? 

<2AXE29.«t 
1 .136E  2 
2 •590E  1 
3 •290E 1 
A -.215E 2 
9                                                                            -.180E  1 
6 -.160E  2 
7 -.lOOE 0 
8 -.171E 2 
• .l^OE  1 

10 -.820E  1 
11 .820E  1 
12 .110E 1 
19 .990E 1 
1A -,500E 0 
19 -.670E  1 J 
16 -.AAOE 1 
17 ,2706 1 
18 i «OOOE 0 
19 .  -.200E 1 
20 -.HOE 1 
21 -.lOOE 1 
22 •390E 1 
29 • -.220E 1 
2A -•210E 1 
29 .21OE 1 
26 -.ieoE  1 
27 ,180E 1 
28 •200E 0 
i»9 ,1701  1 
90 .100E 1 
91 -•380E 1 

r 



»■ 

#•••<• 

-1. 

o.msomE m 
0.28666562E  04 

-0.6160«?A7E  0« 
-0.11936724E  04 

0,22290292E  04 
0.56309372E  03 

'      0«65f80435E  03 
-0.13761476E  03 

0.43600536E  04 
0*47754694E  04 
0,955*254SE  03 
0.22B00695E  04 

-0.11412046E  04 
-0«65218189E  03 

0.14499263E  03 
0.175181?6E  03 

-0.15226956E  03 
-0.21Q27692E  04 

0.2762872CE  04 
'  -0.3969i649E  03 

* 0.19293695E  04 
0.12409761E  04 

-0«24942910E  03 
-0.59848446E  03 
-0.24982365E  03 

' -0.32559201 E  03 
f* -0,572473fME  0) 
W9 0.61958762E  02 

Sü 0.69252063E  03 
0.24850067E  04 
0*I245503flE  07 

-0.22692592E  03 
40 0.92501B21E   03 
•J -0.22338884E  04 
42 0.37497479E   03 

75 

-.500E  0 
.700E  0 

-.?oeE 0 
.200E  0 
.170F   1 
.210E 1 

-.700F  0 
.100E 0 

-.200E 0 
-.200E  0 

.150E   1 

.150E 1 
-.1T0F  1 

.500E  0 
•700E 0 

-.500E  0 
.10OF   1 

-0.30508775E  05 
-0«2180ft302E  04 

0.58407369E  04 ! 
-0,21956077E  04 

0.51452178E  04 
-0*34430141 E   04 j 

0«14484838E  04 I 

h 



76 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
5« 
59 
60 
61 
62 
63 
64 
65 
66 
67 
66 
69 
70 
71 
72 
73 
74 
75 
76 
77 

0.70?18083F 0? 
0.lnn7546E 03 

-0.1659631OE 03 
0,871183106 01 

-0.44O40472E 02 
-0.3800350BE 0? 
0.27806275E 04 

-0*27566674E 04 
-0.24383128E 04 
0,2273678eE 03 
O.l91?014*f r;3 

-0.37440271E 03 
0.75827O96E 03 

-0.51570«5tE 03 
0.26619910E 03 
0*33689441E 03 
0.51373941E 02 

-0.1568811PE 02 
0»14926150E 03 

-0.21241840E 02 
0.17769346E 01 

-0.81528097E 03 
0.40691421E 03 

-0.37214176E 03 
0.72929968E 03 

-0.11764851E 04 
-0.19003021E 03 
-0.42363667E 0? 
0.86395876E 03 

-0.16604875E 04 
-0.1549501CE 03 
0.80660194E 07 
-0.47169191E 0? 
-0.75128689E 02 
0.15357842E 03 
6.50000000E+00 

/ 
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Figure 27 ?7 

LEAST SQUARES APPROXIMATION FOR SUN SENSOR A 

OUTPUT VOLTAGE  1 

0«=-45.113-1.273V*14.399V2-2.167V3 
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Figure 2« 7H 
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LEAST SQUARkS APPROXIMATION FOR SUN SENSOR A 
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Figure 29 

LEAST SQdARFS APPROXIMATION FOR SIIN SHNSOP B 

OUTPUT VOLTAGt 1 

O--45.956*4.636V*11.9r0V2-1.9PlV3 
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Figure 30 

LEAST SQUARES APPROXIMATION FOR SUN SENSOR B 

OUTPUT VOLTAGE 2 

O--45.29U3.724V*l2.014V2-1.873V3 
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Figure 31 s, 

LEAST SQUARES APHROXIMATION FOR SUN SENSOR C 

OUTPirr VOLTAGE 1 

e«-4S.877»2.570V*12.«16V2-1.994V3 
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Figure 32 
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LEAST SQUARES APPROXIMATION FOR SUN SENSOR C 

OUTPUT VOLTAGE ? j 

e«-46.958*4.022V4-12.134V2-i.9072V3 
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Figure 33 ftJ 

LEAST SQUARES APPROXIMATION FOR SUN SENSOR D 

OUTPUT VOLTAGE 1 
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Figure 34 84 

LiiAST SQUARES APPROXIMATION FOR SUN SENSOR D 

OUTPUT VOLTAGE 2 

0=-4S.594+3.668V*12.10OV2-l.885V3 
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LFAST SQUARES APPROXIMATION FOR SUN SENSOR E 

OOTPUT VOLTAGE 1 
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Figure 36 

LEAST SQUARES APPROXIMATION FOR SUN SENSOR E 

OUTPUT VOLTAGE 2 

e-*46.3«7-.7.424V-9.191V2»1.400VS 
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Figure 37 87 
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LEAST SQUARES APPROXIMATION FOR SUN SENSOR F 

OITTPUT VOLTAGE 1 

0-45.601*2.523V*12.483V2-1.919V3 
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Figure 38 88 
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APPENDIX F 

In this section we will prove the equivalence of relations (66) and (69).       ' 

It has been shown that 

A, cosp - A- sinp ■ cosy , (72) 

If we now make the substitution by letting 

tamp « j- 

then 
siniji 

:osi|) ■ 

/A7T77 

/IfT^ 
(73) 

Substituting (73) into (72) yields 

,    ♦ A»'"  (cosiji cosp - sinij/ sinpj = cosy 

/—2 2" 
/Aj ♦ A2 . cos(p ♦ P ■ cosy 

COSy 
cos(P + *) - 3IH5: 

COSY, 

Let 

•>  p - * arcos r^-) - * 

;0,Ys v - * arcos (j^ ) 

(74) 

cosy. 

sing 

»/sin*1 sin 6. - cos y s      s 

cosy. 

♦/sin ßs - cos ys 

sine 

i   « 

>. 

/ 
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I  I 

It follows 

1 

1 

that 

i 

i 

i 

COSY 
coS(»v) - nH- 

1             ; 

1 

*/sin2&   - cbs2Y, 
slnv ^—T -5- 

sinBs 

♦ ^in &   - cos Y. 
sin(-v) -  =-; =■ 

sinÖs 

1 

Let us restrict 
i 

ourselves to   . 

i i      , COSY 

-v-arcos «n^ 
I 

I      I 
«    .     a 

I 

(It can be shown that if we take the positive sign for v, the analysis will 

result in an erroneous expression for (66)). 
' ij i i ■ 

i 

Therefore from (74), '        i 
i     i 

i 
i 

A-COSY A2(e«erS) S 

■■■,•■ I 
Multiplying and dividing by cose,        , ) ,       ' | 
"   ,      '     ' i ■' "     '       ' i i 

A. COSY   cosG ♦ C(e.e S) , ' 
' cosp ■   -=—r-» 2-L_     i (76) 

1 sin 6. cosO 
i s 

1 ' ■    ■ ■' '       . 

iHowever 

A. COSY-COSOP COSY [sin©' - sin0|Cosß J 

*        ' I ' ■       , , J 
, so the expression in (76) is in agreement with (66). ' , 

i 

i 

i 

•. i 

i ! 

I I 

r 
i 

i 

1  ,      'i 
i i 
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In a sinilar manner MC find 

sinp 
; Aj /sin 8S - cos YS  - A2 cosys 

sin2es 

" Al  {VtW  " A2 C0SYs 

sinZBs 

sin7^ ■ 

or 
sinp -  1 ' ' j-—= =• (77) 

sin'Bs 

The problem now is to show that sinp in (77) divided by cosp in (75) will yield 
the saae expression as (69). 

p      cosp Aj cosY$-A2(e#crS) 
Multiplying and dividing by the conjugate of the radical .in the denominator we get 

tanp ■[? A. /sin B -cos YS -A2COSY ]  [Ajcosy  « A^ i^in e*-cos Y ] 

(AJCOSY, ♦ A2/sin'ßs   coszts)  [Ä1cosYi * A2 / SIST^COSY,] I 

tup ■ -A.AJCOS Y, ? Aj COSY    ^»i« ß.-co« YS JAJ C0SYS «'sin ßs-cos vs-A1A2(sin 6.-COS"Y8 )I 

cosS^Aj2 ♦ A,2) - A2
2 sin2es | 

/      2 i 2 2 2 tanp ■   • co8Yf * sin 8   - cos Y,    (A.    ♦ A2 ) - A.A2 sin B 
 5 —5 5  

sin<as(cos<Ys - A2 ) 

* 
I       2 5 

tanP ■    -A.Aj ♦ COSY, »sin fl   - cos Y, 

"     eMS-A22 

or 

/■'  j 5— 
taito ■   A-Aj - COSYS r sin 6    - cos Y, 

A22 - «A 
which is in agreement with (69). 

>, 

/ 


